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STUDIES OF DIABETES MELLITUS 
I. RESPIRATORY EXCHANGE FOLLOWING THE INGESTION OF GLUCOSE, GLYCEROL, 


CALCIUM HEXOSE 


PHOSPHATE 


AND CALCIUM 


GLYCEROPHOSPHATE 


By Wn. 8. Mee 


From the 


Chemical Division 


‘NN and R. RoGer HANNon, M.D). 


of the Medical Clinics of the 


Johns Hopkins Hospital 


Many studies have been made of the respiratory ex 
change in diabetes mellitus, which have thrown a great 
deal of light on the nature of the disease and upon the 
More 


recently with the advent of rapid analytical methods for 


mechanism of carbohydrate metabolism in general. 


the determination of the chemical constituents of blood, 
attention has been focused on the blood sugar and its regu 
lation, and studies of the respiratory exchange have be- 
come relatively uncommon. It is believed that a revival of 
interest in the study of the respiratory exchange in dia- 
betes will yield information of importance in understand 
ing the disease, especially when such studies are made in 


conjunction with careful clinical and chemical observa 
tions. 

In the present study a comparison has been made of 
the effects on the respiratory exchange of the ingestion of 
A 


similar comparison has been made with glycerol and gly 


glucose and of the calcium hexose phosphoric ester. 


cerophosphates of calcium and sodium. Interest in such 
a comparison was stimulated by the apparent importance 
of phosphates for carbohydrate metabolism in general as 


shown in the work of Harden and Young,’ who demon 


*Harden: Alcoholic Fermentation. Biochemical 
Longmans, Green and Co., London. 


Monographs. 
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strated that the formation of a hexose-diphosphorie ester 


Was an essential factor in the fermentation of sugars by 


yeast. This discovery becomes doubly significant in view 


of the demonstration of a similar substance, having the 


sume elementary composition and yielding the same 


osazone, in Mammalian museles in which it is the probable 
The literature on this subject 


precursor of laetie acid. 


has become voluminous. It will be sufficient to refer 


chiefly to the work of Euler, Embden, Laquer, and their 
coworkers. 
[t will be seen that there is evidence that the carbohy 


drate formed by hydrolysis of the hexose phosphate is 
fructose 


Von 


Hirst Spl 


Lebedew and Criaznott® believe that dextrose is 


vlyceric aldehyde, that 


t to dloxvacetone ana 
dioxvacetone forms an ester with phosphoric acid and that 
The 


i compound of the triose 


elveeric aldehyde does not elementary analysis 


would correspond either with 
combined with one molecule of phosphoric acid or of the 


The 


weight of the compound has not vet been determined. 


hexose combined with two molecules. molecular 


Merritops AND UA 


"ARATUS 


Patients were sent to the laboratory in the morning ina 


wheel chair, without breakfast. The wheel chair was ar 
ranged so that the patient or normal subject remained in 
a semi-reclining posture for 50 minutes at least before the 
beginning of the experiment. An observation of the basal 
respiratory exchange was made in each case. Following 
this the patient was given sugar, glycerol, or phosphoric 
esters ina cup of Katfee Hag. Urine specimens were col 
lected and the time of voidings carefully noted. The time 
intervals covered by the specimens of urine were so ar 
ranged that the respiratory observations occurred at about 
the middle of the interval. From the total nitrogen tig 
ures the rate of nitrogen excretion per hour was deter 
mined, The respiratory exchange was observed after an 
minutes and from 100 to 140 


interval of 40—50 again 


minutes following the ingestion of the various substances. 
W.A., 


Was 


In the experiments on and on Samuel P.. a 


French army gas mask used with valves obtained 


from the Sanborn Co. In all subsequent experiments the 


expired air was separated from the inspired by means of 








I Verhalien d Kohlenhydratphosphorsauere-ester im 
Tierkoerpe Ze f. physiol. Chem., 1912, LX XIX, 375 

Embden and bid., 1921, CXITI, 1 

‘Er en and bid.. 1921, CXITI, 201 

La r, F bid., 1921, CXVI 

von Lebedew and Griaznoff Bericht Deutsch. chem, Ge 
lisch., 1912, XLV, 3256 

Zuntz u. Schumbure: Studien zu einer Physiologie des Mars 
hes. Berlin, 1991, p. 361. See also Lusk, G., Science of Nutrition 
srd Ed., 1917, p. 62. Saunders and Co., Philadelphia. 


foodstuffs on the re 
Med 


McCann The effect of the ingestion of 


exchange in pulmonary tuberculosis. Arch. Int 


XXVIII, 847 


spirator’y 


1921. 


NO. 385 
a Loven valve, the subject’s nose being closed with «a clip, 
The expired air was collected in an accurately counter 
poised spirometer and measured, gas temperature and 
barometric pressure being noted. The samples of gas for 
analysis were collected in a special sampling bottle over 
a glycerine-salt solution. The carbon dioxide of the ex 
pired air stored for 24 hours in such a container dimin 
O.15 o. 


ways made in less than six hours, a modified Henderson 


ishes by about Gas analyses were practically al 


Haldane apparatus being used. Duplicate analyses were 
made and accepted if the agreement was within 0.04% for 
both oxygen and carbon dioxide. From these data the in- 
direct calorimetry was caleulated by the method of Zuntz 
and Schumburg. 

One may question the reliability of respiratory quo 
tients obtained in experiments in whieh either a mask or 
mouthpiece is used to connect the patient with the respir- 
atory valves. Many subjects are entirely unsuitable for 
study in any other apparatus than a respiration chamber, 
Success in securing reliable quotients depends upon care 
ful observation of the following points :—the comfort of 
the patient as regards position and adjustment of mouth 
piece and nose-clip, absence of a large dead space, absence 
of resistance to the opening of the valve membranes, ae 
curate counterpoising of the spirometer, and absence of 
valve 


sound in the These points have been carefully 


attended to. After a trial of many forms of valves and 
masks it is the opinion of the writers that the Lovén valve 
a mouthpiece is the most satisfactory one ob 


used with 


tainable. A description of this valve will be found in 


previous publication by one of us.* 

Careful observation of the type of respiration and its 
rate was made before and after the adjustment of the 
mouthpiece and nose-clip. A sufficient time was allowed 
for the respiration to assume its normal character before 
the collection of the expired air was commeneed. In all 
of the subjects of the experiments here recorded there was 
so little disturbance of the respiration that the respirator 
quotients are believed to approach the actual metabolic 
quotients very closely 

The caleinm hexose phosphate used in these experiments 
was obtained through the kindness of Mr. Raymond Foster 


whose factories 


it was pre 
The 


Analyses of this sub 


of the Bayer Company, in 


pared from veast fermentation of dextrose. trade 
name of this substance is candiolin. 
stance show that it corresponds fairly closely with the 
(PO.). Ca. 


sinall 


empirical formula C, H,, O contains : 


small amount of moisture, amounts of inorgani 


phosphate, and very small amounts of free carbohydrate 
After hydrolysis it became levo-rotary. 
DIscUSSION or RESULTS 

Che data of the respiration experiments are recorded iD 

Table 1, comprising six diabetic subjects and seven normal 

men. A full report of these cases, giving all the details 


of metabolie studies and of the clinieal course under 


i. 
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rreatment, Will be made in the second paper of this series. 
rhe p nts were treated by restriction to a maintenance 
jet, low in protein, and balanced as to ketogenic and anti 
ketovenic factors, until glycosuria and hyperglycemia 
vere relieved. 

P e effect of the ingestion of glucose upon the 
espiratory exchange of many diabetics, during periods in 
which ier glycosuria, hyperglycemia, or both were pres 


nt, is murkedly different from that produced in normal 
\ large number of observations on normal indi 


subject 


duals may be found in the literature, the most compar 


ble for our purposes being those of Benedict and Car 


For this reason 


enter. and of Higgins." we have in 
nuded only a small number of normal experiments of our 
WH, hese correspond with the usual findings. Nor 
ually, following the ingestion of sugars, the respiratory 


veins to rise Within 9—L5 minutes as a rule. In 
xperiments a slight decrease in quotient may be ob 

thin this time. It is very rarely that the respir 
iory quotient fails to rise within 50 minutes after sugar 
uvestion in normal subjects in normal nutritive condition. 
In normal individuals, under circumstances which tend to 
xhaust the stores of glycogen, such as hard work on a 


igh protein-low carbohydrate diet, Bernstein and Falta 


ound that the ingestion of carbohydrate is not followed 
v the usual rise in carbon dioxide until the glycogen 
stores live been replenished. 


The subject WLA.. was given glucose on three occasions. 


On the 29th of January, 1922, he showed glycosuria and 
iwperglycemia. On this day lis respiratory quotient Was 
lefinitely lower than the basal quotient 50 minutes after 


the ingestion of sugar; though it was found to have risen 


t the end of two hours. The test was not repeated when 


the patient had become sugar-free and when his tolerance 


iad increased. However, he returned to the clinie in 
November 1922, again showing marked glycosuria. On 
the Lith of November his basal respiratory quotient was 


very low, below 0.70.) The ingestion of glucose caused a 
further marked depression of the quotient which was 
suill present at the end of an hour and a half. <A final 
observation was made on this patient, after glycosuria had 
lisappeared and an inerease of more than 100 grams in 
carbohydrate utilization had occurred, on December 22, 
senedi Kk. G., and Carpenter, T. M.: Food Ingestion and 
Energ) insformations. Publication 261, p. 206-208, Carnegie 
nst. of Washington, 
liggzins, H. L.: The rapidity with which alcohol and some 
. ve as nutriment. Am, Journ. Physiol., 1916, XLI, 
Jernstein and Falta: Respiratorischer Stoffwechsel und Blut 
lation. Deut. Arch. f. klin. Med., 1918, CXXV, 233. 
siochem. Zeitschr., 1914, LXVI, 75 
Banting, Best, Collip, Hepburn, Macleod, and Noble: The 
/hysiological effects of Insulin. Trans. Royal Soc. Can., 16, Sect 
V, 1-18, 1922, 
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gee. On this last occasion no fall in the respiratory quo 


tient Was observed; instead a slight rise occurred. 


In the case of the subject Samuel P., glucose was given 
on three occasions, on all of which glycosuria was noted, 
though the fasting blood sugar level was not high prior 
Glucose given alone, with tricalcium phos 


the 


to the test. 
phate, and with hexose phosphate, caused a fall in 
value of the respiratory quotient obtained about 40 min 
utes after ingestion. The quotient at the end of two hours 
was elevated above the basal value on each occasion. A 
similar type of change in quotients Was found in the case 
of Ostella B. 

The subject Charles G., was given glucose on April 21, 
1922, at which time he had a marked glycosuria and hyper 
glycemia. The respiratory quotients decreased progress 
ively during an observation of two hours after ingestion. 
On the 26th of May he was given fructose and on the 29th 
a time when his carbohydrate utilization had 


On 


elucose, itl 
increased more than 150 grams above that of April 21. 
both of these latter tests the quotients were found to be 
DO minutes after ingestion, and 


elevated at the end of 45 


in both cases it Was lower at the end of two hours. 


M., 


both severely diabetic, show an entirely different behavior 


Two remaining subjects, Lorena T., and Howard 
of the respiratory quotients after the ingestion of glucose 
In spite of the fact that these subjects had marked gly 
that 
f the diet to 


veemia, and the diabetes could 


\ 


cosuria and hyperg!) 


not be controlled by restriction the basal 


requirement, the rise in respiratory quotients which fol 
lowed the ingestion of sugar corresponded quite well with 
that which we have observed in normal subjects. 

There appear, therefore, to be two types of change pro 
duced in the respiratory exchange after the ingestion of 
in the stage of severe dia 


elucose by individuals who are 


betes with glycosuria and hyperglycemia. In one type the 


respiratory quotients are depressed for an abnormal 
In the other type the quotients rise at a 


the 


length of time. 


rate approximating normal. Of individuals of the 
former type all were responsive to treatment and subse 
quently a good carbohydrate utilization, Of the two sub 
jects of the latter type both failed entirely to respond to 
treatment of any kind. That the clinical improvement of 
the patients of the first type is accompanied by an in 
creased ability to oxidize glucose is shown in the cases 
of W.A.,., 


Interesting questions arise concerning the significance 


and of Charles G. 


of these two different types of response to glucose inges 


tion. One of the first which arises is whether there may 


not be two (or more) types of diabetes mellitus at present 
clinically indistinguishable, but in which the disorder in 


volves different mechanisms. That animals deprived of 


the pancreas show a diminished rate of oxidation of 


elucose is well known.'* Conversely, that the injection of 


the pancreatic extract, “insulin,” of Banting,'* increases 


the respiratory quotient and rate of oxidation of sugar is 


also known. What then is the mechanism at fault in a 
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ype of severe diabetes i whieh there Ss all ipparent 
ihilitvy to oxidize carbohydrate at oa fairly normal rate? 
This question cannot be answered with the data here 


available. Mueh light may be shed 


pron it by experiments 


now in progress on the effects of the pancreatic 


extracel 


“insulin,” 


Which will be reported inoai later commomiea 

tion 
\ recent paper I) Achard and Binet bears on the 
observed occurrence of a fall in respiratory quotients in 
diabetic subjects following the ingestion of sugar Their 
brief! report does not give experimental data, but in 
their experiments, in which expired air was collected ina 


Tissot spirometer ane analysed onulv tor CO), 


they found 


that after the ingestion of sugar both CO production ana 


the minute volume of respired air diminished This is 
mndoubtedly the phenomenon which has been observed in 
he present study lts true sivnifiennee can not have been 


mrvent to Achard and Binet because of their failure to 


ltanmeously the oxygen consumption, 


led “diabetic re 


Chis 


eriunents the so-cal 


spiratory quotient” was obtained elers to 


quo 

tients less than 0.70 An explatiation of 
Lusk, 

] 


observed quotients in the 


SUCH respimravory 


has been given by Who caleulated the 


theoretical ane case ob a com 


plete phlorhizin glycosuria and in the case of a completely 
diabett in The caleulation is made of the effeet upon 
i espiratory quotient of protein produced by an entire 
tilure to oxidize any of the dextrose arising from = the 
Wilno uclds OF The proterh Louder these cirenimstanees, 
when the Pin illo ois th.) ihe respiratory quotient of 
protein Would be O.63: Lusk also makes use of Magnus 
Levy's calculation of the maximum formation of beta 
oxybutyric acid from fat to explain low respiratory quo 
ents (LOO om. fat vield a maximum of 56 em. beta-oxy 
but e a The elfect of beta-oxvbutvrie acid forma 
peo thie respiratory qQuotlent of il vould be to low 
r the R.Q. from O.T0OT to 669. Llowever, enough carbon 
lio del ert be | be ‘ Cao rie irbo thes ‘) Hnerewse 
his somewha ( at ependine on mw eXTtent 0 
While e iy 1 ) ‘ ile combined With other sub 
stunces 
Orne I Is Has observed such oa diabetic quotient im 
the course of experiment on a non-diabetic man, who 
Investe I eal o ned 1 [lie @lred ¢ i tast ol eight dave. 
he explanation otfered in this case was that the fasting 
dso depletes he glycogen reserves of the subjeet that 
\ to t St ‘ ZZ XX XVI - 
I rraha ( i i pel On T 
i } \ \] ] . \ miu 
\ /, hr \ Wey ‘ 
\I i Al t i Tec i , i it il l ell 
i i il i i Pro SO | e] iol 
XVII 
\W .. & \W\ \I i Beeler, C J. Biol. Chem 
199 , ' 
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he sugar formed in the metabolism of the protein 


NLested 
Was stored as glycogen and not oxidized at once. 

ln a study of a patient with severe diabetes Wilder 
Boothby and Beeler found depression of the respiratory 
quotients after meals rich in protein, but containing ea) 


bohydrate and fat. 


The question as to why the rate of oxidation of carbo 
hydrate is diminished in some Cases after sugar ingestioy 
isa very diflicult one. Lf the ingested sugar were to pass 
first into the depleted storehouses of glycogen, as is sug 
gested by the work of Bernstein and Falta,"’ it is ciffieult 
this should have the inhibiting etfee 


oO understand whi 


Which has been observed upon the oxidation of carbo 


hvdrate already in the metabolism. 


It is of interest to know whether or not glucose ex 


The 


two dia 


hibits a specific dynamie action in diabetic subjects 


experiments show considerable variation. — In 


betic patients a decrease in heat production was noted, 
even in periods in which the respiratory quotient was in 


(W.A.) 


a time when the R.Q, 


creasing, One of these subjects iti 


showed ai 


crease of 206 in metabolism at Was 


falling. In other subjects the increase in) metabolism 


varied from 7 to Lt per cent irrespective of the direction 


of change in R.Q. Of the three normal subjects one 
showed no increase in metabolism and the other two 
showed increases of 7 and 10% respectively. 

by Bapertments with glycerol. Two experiments are 


viven to show the effeets of glycerol on the respiratory 


exchange of diabetic subjects; these are the experiment on 


WA. of Feb. 8, 1922, and that on Charles G., May 3, 
ize. In both cases the changes in respiratory quotient 


ran parallel to those produced by glucose in the same 


subjects. In the case of W.A., the basal respiratory quo 


tient was (S821; 40 minutes later it was 0.759, 2 hours 
ind 15 minutes after the ingestion of glycerol it) was 
wS40. The same depression of the value of the quotient, 


With a subsequent rise, Was noted when glucose was givel 


to the same subject on January 29th. The experiments 


with Charles G. show a similar parallelism, though in this 
case the quotients following the ingestion of both glycerol 
and glucose continued to diminish during the whole pet 
a little over 


od of observation of two hours. 


Three experiments were made upon normal subjects to 
Whom glycerol was given, WLALP., RSL, and RJ.B. lt 
the case of W.A.DP. there proves to be no parallelism be 
tween the eifects produced by glucose and by elycerol 
With glucose a marked rise in quotient was observed, but 


with glycerol the quotient was diminished during a period 


of an hour and a half after ingestion. A similar diminu 
tion of the quotient was observed in the case of R.S.L 


With 


WilS noted, 


the subject R.I.B. a transient rise of the quotient 


fall. 


followed by a 


The specific dvnamice action of glycerol in the three 
normal subjects varied from zero to 4.0 per cent. In one 


of the two diabetic subjects uo significant change in the 
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pro ion occurred. In the other a rise of 20% 


which the 


metabolism Was noted in an experiment il 


R.Q. were decreased by the ingestion of 


es ol he 


rhat giveerol is convertible into glucose was shown by 


emer, io administered glycerol to dogs under the 
ence of philorhizin. When the D:N ratio was com 
e (3.65) the extra glucose arising from glycerol was 

out 3>—10 per cent of the weight of the glycerol. 

It is possible to calculate the oxidation of the gly 


erol in these experiments. The calculation of Zuntz and 


Schumburg © has been made, however, just as though the 


prot respiratory quotient were determined only 
t and rbohvdrate, the figures in the table being in 


ie respiratory quotient for glycerol should be 
pproximately O.S6, 
ce). EB ments with hexose phosphate. A compari 
von of the effects of ingesting calcium hexose phosphate 
th those produced by glucose is possible in the cases of 
liabetic subjects W.A., Samuel P., Lorena T., and 
rles G.. and of the normal subject RRL. In the 
yperiments on W.A., a progressive rise in quotients fol 
wed the ingestion of the hexose phosphate in contrast to 
he initial depression of the quotient produced by the 
vestion of glueose. In those on Samuel P. a similar 
ontrast of behavior of the respiratory quotients was 
Ter \ progressive rise of quotients followed the taking 
iexose phosphate, a depression of quotients being pro 
ced by elucose, which was also observed when glucose 
as take ogether with tricalcium phosphate and with 
exose phosphate. Calcium phosphate taken alone did 
it affect the respiratory quotient, 
In the experiments on Charles G., glucose ingestion pro 
ced all in value of the respiratory quotient from 0.73 
» 0.69) In this case the taking of hexose phosphate 
used a transient decrease in quotient from 0.73 to 0.71 
ith a subsequent rise to 0.77. 
In the experiments on the diabetic subject Lorena T. 
on the normal RAR. a steady rise in R.Q. values 
Hlowed the ingestion of both elucose and hexose phos 
ite 
These experiments indicate that hexose taken in the 
orm of an ester of phosphoric acid is more readily oxi 


ized in certain diabetics than is glucose. Practical ad 


itage can not be taken of this fact, because of the 
Vsical impossibility of ingesting a suflicient quantity of 
garin this form, unless it can be shown that the assim 


sn 


ation of a large amount of phosphates can influence 
vorably the utilization of carbohydrates in general. 
ere Is nothing in the experiments presented here which 
ould indicate such an etfeet. 

The heat production was increased following the inges 
lon of calcium hexose phosphate in all experiments. The 


sé in mnetabolism varied between 4.5 and 12 per cent, 


Creme Muench. med. Wochenschr., 1902, XLIX, 944. 


id). The effect of the ingestion of ylyceroplos phates 
shows considerable variation. With the diabetic subjects 
W.A., and Samuel IP., the respiratory quotients rose. 
With the normal subject W.S.M. and with the diabetic 
subjects Lorena T. and Charles G. there was observed to 
be an initial drop in quotient followed by a rise. The 
calcium salt was ingested in all cases except that of Lor 
ena T., to whom an intravenous injection of sodium gly 
cerophosphate was given. 

The effect upon the heat production was to cause a 
slight fall in three experiments, and a rise of 5.5 and 8.7 
per cent respectively in the other two 

Only one normal subject was able to retain calcium 
glycerophosphate. In two others violent vomiting ensued. 
Nausea was quite marked in the case of the normal sub 


ject, but was complained of less by the diabetic patients 


SUMMARY 


l. In a study of the effects of glucose ingestion on the 
respiratory exchange of diabetic subjects two types ol 
response were encountered. In the first type of subject, 
ingestion of glucose resulted in a diminished rate of 
carbohydrate oxidation, as shown by a decrease in the 
respiratory quotients for an abnormal length of time. 
These subjects all improved greatly under treatment with 
the development of a good carbohydrate tolerance, show 
ing on subsequent tests an impreved ability to oxidize 
vlucose. A second type of patient with severe diabetes 
was encountered in whom the ingestion of glucose pro 
duced a rise of respiratory quotients at a rate similar to 
that of normal subjects. These individuals were not re 
sponsive to treatment with a maintenance diet, low in 
protein, and balanced as regards ketogenie and anti 
ketogenic factors. 

A rise in heat production may or may not follow the 
ingestion of glucose by diabetic subjects. It occurred in 
both subjects of the second type. In the first type the 
heat production may increase with falling respiratory 
quotients and vice versa. 

~. The changes in respiratory quotients of diabetie sub 
jects who ingested glycerol were parallel to those pro 
duced by the ingestion of glucose in the same subjects. 
In normal subjects there was no parallelism between the 
effects of glycerol and glucose. The specific dynamic ac 
tion of glycerol was negligible in all but one experiment. 
In this one case an increase in total metabolism of 20% 
was observed coincidently with a decrease in R.Q. 

3. A comparison of the effects of ingestion of calcium 
hexose phosphate with those produced by glucose showed 
that in subjects of the first type hexose from the phos 
phoric ester was oxidized more readily than glucose. Hex 
ose phosphate ingestion caused a steady rise in respira 
tory quotients in both diabetic subjects and in a normal 
individual. It was followed by a rise in heat production 


of from 4.5—12 per cent in all experiments. 








TABLE 1. Data ef Respiration Experiments 





co 0 
Na 1 Non tal Ss t if I m 
Date =O N I 
Area Sq. M Dime See R.Q . REMARKS 
1922 \ — fa ‘ R.O Ca Fat Prot I ' 
rn Le . fe 
\ \ ) ) : 1j 0.770 i¢ ’. 761 ( } Basal verage normal 
39. M ’ 40 Ingested 60 Gm, Hexose Phosphate 
Ore 0 GN ¢ 65 9} O.7S 177 0.780 l 11.0 * 59.4 0 fter neestior 
benbver the ) lio ) ‘ ) ».812 217 0.813 I! t.4 ‘ 9.8/129 fter ngestion 


\\ \ 4 47 { 0414.04] 0.752 51 0.746 is 6.6 |62.2)Not asal. Coffee at 8:00 A.M 























1 M ' Ingested 37.5 Gm. Glucose, 
0 0:48 j 8 4 ) 2 53 9 6 6.7 |62.5/50 fter ingestion 
hinhbetic ’ 7 j i 87 4 ». 846 320 0.855 24 3.4 8.8 6.0/)122 fter ngestion 
\ \ 1:56-10:0 09.4 }(0.764) 63 | (0.756)! Basa Gas. Sample lost R.Q. is averags 
1. M 0-0 0 Ingested 100 Gm, Calcium Glycerophosphate 
O45 O:54 9 14.0 64 213 0.799 ( $»1(42.6)/(5.6) 1/57. € fter ngestion 
iabetic j 18.8 0.785 149 0.784 |(14.5)1¢€88.8)! (4.0)/57.3/70 fter ngestion 
06-12 S.013 t. 0S ». 789 149 0.788 | ( )/(88.9)}¢4.0)158.0/111 fter ingestion 
\ \ 1 ) 10 ) 0.821 131 0.817 eo > (36.6)/(8.5)/'60.8| Basal 0: of average normal 
Sq. M ) 4 Ingested 40 Gm. Glycerol 
) 0 ; ( ) _ 131 0 6 ( 6)' (46.6)! ¢ ) ; it iter ngestion 
) verti 4 t 19) O.S40 is 0.843 | (25.7)/(29.5)/@4 )}59.9)1 ft ngestior 
o\W \ , Sid 62.7 214.46] 0.700 114 0.693 . a 0 4.S' Basal t rf verage normal 
M 0 Ingwestes 0 Gi Glucose 
t r 667 64 ».657 61 t ft 151 Mi ft ngestion 
iabetic O:29-10 $.91 ).678 174 0.667 { c.f 8 89 Mir rte ngestion 
Ww. A S- 9:44/30 3.48]4.59] 0.758 165 | 0.754 0.0 4 1.4 |65.6) Basal 12 f average normal 
{ a. M 56 Ingested 0 Gm. Glucose. 
3 0:39 ) $\/4.63] 0.765 64 0.758 10. ¢ 19.3 1.7 69.636 Mil fter ingestion 
linbetic { 0.9 814.40 ». 768 64 0.762 10 4.3 1.7 (64 SS Mir fter ingestion 
im 0 6 389 i ».749 58 0.740 l ) 69 Bas verage normal 
sq. M o:0 Ingestes 0 GI Glucose 
4 O:48/)4 t ) l 10 ». 709 ot ) ‘ S Mir ite ngestion 
Diabetic 0 6/4.01 ». TE 10 ». 757 s i Min fter ingestion 
n P yO ) t ( 1 » 829 $14 0.8 » 70.0) Basal S ot verage normal 
1M 0 Ingested 50 Gm. Glucose plus 20 Gm, Ca, (PO, 
56 0 ‘ iS ) 16 173 0.¢€ 7.2 12.5 69.8|41 Mir fter ingestlor 
liabet i 0 ». 698 17 6 ) 66.7 /12 19.2)12 Mit ifter ingestior 
Sam P 36 44 0 ( ) 11 ». T6E 1.0 ) 64 Basal { iverage normal 
Sq. M 50 Ingested 60 Hexose Phosphate. 
34 40 » 4 S| 0.78 173 0.778 13.6 i » 112 68.044 Mir fter ingestion 
linbetic 0 i § 3} O. S08 52 0.809 t ’ 65 138 Mir fter ingestior 
sam P ) ri4 i ( ». 795 $44 0.793 16.9 10.2 11 68.S| Basal f f average normal 
81 Sa. M = 4 Ing 0 Gl Glue. plus 30 Gm. Hexose Phosphat 
) 0 i SO} 0 9 100 ) 9 ) 0. ’ fter ingestior 
liabetic 16 ] ) 6. s S24 ee. 0.828 94.9 5.1 11.4 71.41124 Mir ite ngestion. 
Sam'l P ’ t ri4 t29 oS i7/ 0 161 ). 765 ] ) 15.9 12.2 70.1) Basal S of average normal 
Sq. M P32 Ingested 50 Gm. Calcium Glycerophosphate 
0:46-10:52/378.012.9513.67! 0.804 43 0.803 1(19.8)/1(48.0)) 6.4 (66 j fter ingestion 
linbetic 0 128 >. 8313.60 ». 786 13 ».782 |(16.8))}(47.9)} 6.4 71.1)]1 after ingestion 
sam P 50 »:58/432.1)2.65/3 1 0.826 318 0.829 ‘9 4.5 8.4 |67.7| Basal ) of average normal, 
Sq. M O:10 Ingested 30 Gm, Ca, (PO,), 
03 13/423.6/2.70/3.26] 0.828 127 0.834 S 0.9 (11 *'66.0/53 Mir fter ingestion 
liabetic 03 4 »1436.3]2 S| 0.820 63 0.823 } 6. 9. 70.4/113 Mir fter ingestion 
j | " 
Ww. Ss. M 1 10:00-10:06/365.9!13.07 87} 0.793 165 6.790 1 6 ».0 12.3 |66.9) Basal 7% of average normal 
Sq. M 10:15 Ingested 30 Gm. Glycerophosphate. 
10°57-11:04 1 ,.0 Ss ».778 {38 0.772 (1 $)}(40.8)/11.6 |64.2/43 Mir fter ingestion Nauseated 
Norma 13-12:20/366. 213.0213.79| 0.797 °80?! 0.796 (17.9)1(40.7) 7.4 66.0'120 Mir fter ingestion Nauseated 
R. ROH 1-51- 9:571240.412.3214.11] 0.808 649 0.809 1.8 117 66.2! Basal 3 of average normal 
0 Sq. M 0:00 Ingested 50 Gm. Glucose 
0:42-10:48/390.1!'38 313.86] 0.811 615 0.813 | 20.0 ».0 6. 71.31/42 Mir ifter ingestion 
Normal 06-12:12/855.513.46/3.99] 0.367 173 0.883 33.6 2 12.5 |70.3/126 Min. after ingestion 
OR. R. H :29 36/862.5 88!13.96) 0.72 $11 0.711 ) $.4 110.9 |65 Basal 42 of average normal 
S0 Sa. M y-49 Ingested 30 Gm. Hexose Phosphate 
1 0:27-10:34/38 ) 114.02] 0.78 11 0.780 14.9 14.6 118.5 !78.0)45 Min. after ingestion 
Norma 1-11:38/4138 ».7713.49] 0.794 0.791 16.3 $0.0 '12.0 '68.3)109 Mir ifter ingestion, 
7'Lorena T 10:14-10:22/3386.8!2.64/3.33] 0.7938 365 0.790 12.4 31.0 9.7 |53.1| Basal 9 of average normal. 
35 Sq. M 0:29 | Ingested 50 Gm. Glucose. 
16 11:15-11:22/419.812.51/2.87) 0.875 322 0.888 20.8 19.0 8.5 .3/46 Min. after ingestion. 


Diabetic 12:14-12:22/381.8]2.71/2.99] 0.906 |.285 | 0.924 35.8 | 12.4 7.6 |55.8/105 Min. after ingestion. 
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TABLE | 


Data of Respiration Experiments. 


(Cont. ) 








co i) ; . Mee 
Urine Non < — = 
es R.0Q \ Protein 
: P R.O Cart Fa Prot Tota 
- ~) = . 
2.55/3.46]) 0.737 60 0.718 i y.4 6 4E 
2.61/'3.49 0 18 0 0.737 . 1 7.2 
2.71/3.40 87 796 8 ( iS 4 
\ 
2.52)3.47) ( 26 i) 0.721 8.0 ( 16.4 
2.50 | 0.689 60 0.693 (0) (39.7)| 6.9 |46.¢ 
2.44 { 24 8 0.737 (4 »'(35.0)) ¢ j 
2.02);2.85) 0.709 209 0.721 t 0.1 4.2 
2.09/2.97) 0.704 241 ).714 1 6.4 ) 
?.06/13.04 ».678 219 0.682 2 8 il 
} - 
2.29/3.09] 0.741 194 0.729 i.f l 1.4 
2.44 8! 0.682 18 0.671 (38 ) 11.4 
2.7514.07| 0.67¢ 149 0.666 ) (32 ) 6 .¢ 
- a) _ 26 — > 
10 y} 0.702 152 0.744 ».1 1.0 s.4 
5213.55] 0.710 28 0.700 ) ( ) } 6 
2.56 2} 0.771 082 0.769 ‘ » g) 5.1 
2.48/3.25] 0.763 |.236 | 0.730 f 2 





2.54/2.81] 0.904 105 0.913 13.8 2.8 7.4 
2.5113.16] 0.794 108 0.793 3.9 9.9 6.8 





?.63/'3.19 0.824 

2.57/3.43] 0.749 

2.71!13.67| 0.738 349 0.723 9. 1 

2 8 54 RK: {9 0.711 1( 1 { 19 

2.64/3.41! 0.774 262 0.768 2.2 7 17 

2 313.44!) 0.677 5 663 7.4 1. ( 41.4 

Z 7)2.14] 0 t 85 0.748 .2 4.9 |44.8 

2.26);2.81] 0.804 156 ».804 ‘ 2.2 4.1 12.9 
714.56] 0.78 lf 777 § 0 13.7 6 
15'4.61] 0.747 4 }. Fae (tt »'(51.8)!10.4 68 
65/4.88 ) 18 49 ».731 (4.6)/)(49 »'14.¢ 68 

§.12/3.87] 807 747 0.807 9.1 19.8 |64 

2.4914.01!] 0.870 98 0.891 1. 0.3 115.9 '70 
3414.03) 0.829 174 0.830 1.9 30.0 /12.¢ 64 
29 01 O.844 08 0.854 | 8.2 7 1 69 
5 19} 0.81 56 
914.99! 0.821 8 0.826 !¢ yi C3 )'15.4 ‘68 
7515.0 74 8 0.733 ( 64 14 85.0 

> 80l4.92! 0 7 12 0.767 (1 rice »'10.4 ‘88 

4.0415.42 ( 15 1 69 0 16 ( »' (57 » 28 S8 
1714.06! 0.781 629 0.772 1 9.0 !1¢ f 
1913.64!1 O.S7€ 1! 0.887 6 .f 22.9 8 67.8 

2.99'12.85! 1.05 163 1.1 5 12 6¢ 


Basal. Si f verage normal 
ingested 30 n. Hlexose Phosphate 
Mir estior 
119 Mi ter tion 
basal f verage normal 
Intravenous f Sodium Gly 
M /t wo I (¢ Gm.) 
»5 Min it ctior 
127 Mir fter ctior 
Basal erage ormal remp 
Ingested ) Gil Glucose 
6 Mir ifter st 
116 Mi fter stior 
Basa bd f er é yrmal 
Ingested S0 Gm, Glycerol 
Mir ft restior 
> Mir fter ingestion 
Basal 
Ingested 0 GI Calcium Glycerophosphate 
11 Mi fter tion 
0 Mi fter gestion 
Basal 
Ingested » G Hlexose osphate 
10 Mir fter gestior 
128 M ter ingestior 
Basal 
Ingested 0 Gm. Fructose 
19 Mir fter estior 
115 Mir fter st 
Basal 
| gest a ’ ‘sy Ose 
if fter gest I 
11 fter rest 
Basal 00 f ge normal 
Ingested 00 G G Osé 
51’ after gest 
120 tter rest 
Basal 84 f rage normal 
Ingested 0 Gn 1 Ose 
#2’ after Glucose 
110 fter G gestior 
Basa a) f ‘ ge normal 
Ingwested 0 Gn G ero! 
12 tter gest 
iter ngzestior 
Basa 
I rest a U (al (ys Cost 
7 Mi t st I 
131 Mir fter gestior 
Basal 
Ingested 0G ilycero 
1 Mir ft estion 
12 Mir fter stior 
sasal 112 f verage normal 
Ingested 100 Gm, Glycerol 
10 Mir fter ingestion 
2 Mir fter stior 
Basal 00 f verage normal 
Ingested 0 Gm. Glucose 
51 Min. after ingestion 
ifter ingestion 


98 Mir 
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tL. The effect of the ingestion of calcium glycerophos the respiratory exchange of patients with severe diabetes 1 
phate upon the n-ne exchange is variable. In three mellitus support the belief that there are different Lypes h 
diabetic subjects of the first type the respiratory quotients of the disease corresponding to ditferent mechanisms ay } 
rose more readily than when glycerol was taken alone. It I ' 

ault, 
is impossible to interpret these results in terms of the +] 
oxidation of glycerol. In subjects with impaired ability to oxidize elucose " 
CONCLUSIONS hexose phosphate entered more readily into oxidation tha 
The differences in the effeets of ghicose ingestion upon did glucose alone. | 
hI 


ON THE EXISTENCE OF MORE THAN FOUR ISOAGGLUTININ | | 
GROUPS IN HUMAN BLOOD , 


Part II.* 








sf] 
By C. G. Guririst and J. G. Huck 
From the Division of Clinical Pathology of the Me al Clini ] 10 
Johns Hopkins University and Hospital v 
OUTLINE NOTI Contrary to the statement in Part I, our repo! is been 
livided into three instead of two portions. to facilitate tblica wt 
PART I baie 
ion Like most serial stories, the individual installments take cr 
| Introduction 
separately are so incomplete as to be largely devoid of point 
ll 1 New JLlsodgglutinin Group 
é : ; neaning; together and in the proper order they form re 
1. The discovery of a blood showing unusual ageglutin ; 
ess connected narrative in which the plot is developed as log 
ation reactions . . 
; ' ally as the facts and our inherent limitations permit. We 
2. Resemblance to Group lL. : 
: ire to diverge trom the accepted procedure in providing 
>} Resemblance to Group III 
; vnopsis of the matter presented in Part I. 
+. Other bloods which behave in a similar way 
» Absorption experiments : , 
: ’ 1\ VARIATIONS WITHIN THE OTHER ACCEITE (TROUPS G 
6. Preliminary classification of the patient's blood. ” HER ACCEMTED GRo “i 
I] 1 Sirth Tsoagglutinin Group. a Group IIT. = 
The discovery of another blood with unusual reactions , . : sp 
eee ‘ ba? We have shown that for the one particular Group I] Gr 
2. Resemblance to Group II : 
:. Absorption experiments blood ( LIX.) used in our absorption tests (Section [11,3 = 
1. Other bloods which behave in the same way the formula detinitely appeared to be BC—«a rather tha 
ame Ti the accepted one, B—a. Another Group IIT blood (A.H 
a 
IV. Variations Within the Other Accepted Groups nsed in other absorption experiments behaved in the same ' 
sell 
Group III wav ( BC—a ; 
, he r ’ p tri 
2. Group IV There are two means of testing for the presence of ag), 
Group IL. : —- , per 
r , : vlutinin (. The more direct method would be by the 
V Relation of Autoagalutination to These Findings - . res 
Vi Classification of Blood Groups glutination of cells CONTAIN only agglutinoge nc, ' sho 
VII. Indiaations From the Observations of Other Workers of this was not feasible, as we have so far encountered 
the Existence of More Than Four [scagalutinin Groups blood containing this one agelutinogen and no other. Th 
Jansky other method is by the agglutination of cells containing 
2. Ottenberg, . : a ; 
~~ agglutinogen ¢, in addition to some other agelutinogen 
3. rem, 
, y ou ‘ ro inins . > j jo mmall Exr 
4 Meleney. Stearns. Fortuine and Ferrs by serum from which agglutinins A and 3B, if original Ear 
5. Happ. present, have been absorbed. This method was open to us 
6. Unger and was the one we used. It is tedious, however, and we > 
7. Schiitze have been unable to test more than a very few members 9 
8. Hooker and Anderson ‘ : ; - 
- Group III, owing to other demands on our time. We 
Part Ill . ° — . P 
believe that bloods having a structure different freym Bi { 
VIIl The Bearing of These Findings Upon Reactions Following » ° . 
a are also to be found in Group IIT, and shall yprese! : 


'ransfusion 
IX Vethod of Procedure n the Classification of Tsoacaglutinin evidence of this In ection \ ag 
i 


The blood of our patient, C. T., might be considered 


Groups witl 

X. Comment variant of Group IIT, with the formula C—a, Of thi rm 
cI. Summary and Conclusions :' ae . _— rT aat 

XI ner COs CCR Enea: three members of her family (Gracie C., Alexander : 
XII References. . ee . : Stan 
and G. V. C.), who were shown to react in the same Wi 

: ‘ , om 5 IPNeSe-| CE nati rete } . ape of the 

* Presented before the Medical Society of the Johns Hopkins as C. T. in cross-agglutination tests with members of tl oil 


Hospital, October 16, 1922. four groups, not all have quite the same lood formule 
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The niece, G.V.C., reacts in the same way as ©.T., in that 


er ser gvelutinates the cells of D.J. and of two other 


th blood like his: 
formula like that of C.T. (C—e«). As 


so we feel justified in assum 


nersolls 


ood il 


he twe thers do not agelutinate the cells of D.J., their 
bloods are apparently lacking in agglutinin ¢ and their 
structure ight be expressed as O—«a, 

nd fy plv 

We ve also been able to show that different sorts of 


This 


racterized by the inagglutinability of its cells 


oad are included in what is known as Group IV 


ivglutinative power of its serum for the cells 


he otl liree groups. As has been pointed out, ab 
sorptio xperiments indicated that the blood of one 
Be hi if this Group (..D.) was represented by the 
ormul | BCU—o (see Sect. LET). Another typical rep 
esertative of Group TV (G.G.) reacted to the same tests 
( me way. The blood of a third member of this 
croup (SP behaved quite differently. Preliminary 


ross-igelutination tests gave results shown in Table NNT. 


TABLE XXI. 

Cross-Agglutination Tests 

RED CELLS 
( ( II ( If ( itl ( lV 
G.s (H (D.J.) L.K S.P) 
G.S 0 0 0 0 0 
I (H 0 0 0 
. I D i. 0 0 1 0 
rr. Ill LK - 0 0 
: \ S.P + + 0 


ror [" 


ved it 


ble NNT it 
characteristic manner and each seemed 
The 


serum with r.b.e 


is seen that all of these bloods be 


repre 


sentative of its group. next step was to absorb 


'roup lV Ss] 


from each of the other 


persons, and the 


absorbed serum was then tested against 


resh suspensions of washed red cells. The results are 
SHOW! n Table XNIT. 
TABLE XXII, 
tesults of Absorption Experiments 
1 . 4} ed : . . 
ith R.B.C Gr.1I | ¢ Gr. Hl | Gr. HI 
(G.S H DJ L.k 
Gr. IV (S.P.) Gr. I (G.S.) 0 0 0) 0 
2 Gr. 1V (S.P.) Gr. II (H.) + ( 0 
Gr. lV (S.P.) Ge. TF €3.2.) + 0) ) 
Gr. lV (S.P.) Gr. III (L.K.) + t t 0 
‘rom Table XXII it is seen that: 


a) In none of the experiments did agglutination occur 
vith cells of the same type as those used for absorption ; 


that is to sav. the absorption was complete in each in 


by) After absorption with Group [ (G.S cells, no 


ition occurred with anv other cells in the series. 


relutin 
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ic) Absorption with the cells of either 
or Group TL (D.. 


(iroup Il (OL. 


removed agglutinin for the other also, 


but left behind agglutinin for the cells of (iroup 1 (G.S 
and Group TTD (Lilkx. 
(d) Absorption with the cells of Group LIT (LAK.) 


removed agglutinin for his cells but left behind that for 


all others in the series. 


These results are quite different from those presented 1] 


Table NVITI xp. Il to 1 The serum of Group TV 
S.P.). unlike that of Group IN A.D was unable to 
distinguish between the red cells of Group TT cil ind 
those of Group TL (D0). and, after absorption with the 


cells of Group | (G.8.). was entirely devoid of agglutinin 


for any of the cells used. Evidently the third agglutinin 


is lacking in her serum. Since we have previously evolved 


the formule for three of these five (Section LIT, 


Persons 


>), those appropriate for the others are easily derived 
Group | Ci.s O—ahb 
(rroup I! Il. 1—h 
Group I! 1).J. 1—Ine 
Group TIT (Lil. BU—a 
Group IV S.P 1 B—o 


is seen that at least two different combinations 


Thus it 


exist Which would ordinarily be classified under Group LV 

ii oand ABC Oy). That still other combinations are 
included within this group will be pointed out in Sect 
VII. 

3. Group I. 

In this group we have not as vet found any indication 
of a structure other than the traditional one i) ab). 
We are inclined to think that this has been due largely 
to the fact that members of Group [Tare rare. In this 
work we have encountered but seven members of) the 


group, of these ouly iwo were available for intensive 


study: and absorption tests indicated that the structure 


Wenticnl rom 


and 1\ . Cae 


of these two bloods was our experience 


with (7roups II, ITI, h of which has been found 


to include more than one tvpe of blood. it is but reasonable 


to surmise that further study mav reveal various combin 


ations within this froup as We 1] 


V. RELATION OF AUTOAGGLUTINATION TO THESE FINDINGS 
Vers rarely one mhnav encounter a blood whose cells nre 

agglutinated by its own serum This peculiar reactiol 

autoagglutination—occurs only at low temperatures; if 


disappears when the blood is warmed to 3% (., but re 


appears if the blood is cooled sufficiently. Such a blood 


Wills studied by Clough ana Ri hter, . whose necount is the 


most complete we have seen. They were able to separate 


the autoaggiutinin from the 


> 


isoagelutinin present in the 


serum of their patient and to show that, whereas the iso 


agglutinin was capable of agglutinating the red cells of 
certain other groups, the autoagglutinin was able to 


agelutinate the cells of anv group, its own included. They 
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found that the autoagglutinin in the serum varied mark 


edly in concentration from time to time, being active in 


relatively high dilution at one examination (12500). but 


at subsequent tests, one month and two months later, 


causing a reaction only at a much lower level (1:16 \s 


they also observed autoagylutination (less than bilo) in 


he blood of i 


daughter of their patient, thev suggested 


that Wmomight be a hereditary characteristic 
ln our studies we have found three bloods show 
all of 


Alexander T 


Ine auto 


igglutination them in one family 


the patient CLT 


her brother and her sister Gracie © In 


ione of them was there high autoagglutinative strength 


it the time of any of our examinations, Even as compared 
with the titre of isongelutinins in other bloods, it) was 
distinetly feeble, since in a dilution of 1:2 it usually gave 


only a moderate agglutination either by the macroscopic 
Or TREC rOscopie method, \t some examinations it) Was 
more evident than at others, and in the blood of CLT, 


Which was the one on which we made most observations, if 


could not be demonstrated at all on some ocensions. We 


found that a shert exposure to a lower temperature might 


vive more striking results than were obtained in a much 


longer time at a somewhat higher temperature, Thus 


iffter 20 to 50 minutes in an ice-bath at O° CL. there was a 


more definite agglutination than occurred after several 


hours in the refrigerator (11 to 17° € 


Ourattention was first attracted to the autoagglutinin 


difficulties encountered in 


in the blood of CVT... hv the 
When 


citrate solution and placed for a time in 


Washing her cells her whole blood was collected in 


the ice-box, the 


subsequent Washing was complicated by the aggregation 
| | gv 


ag 


of the red cells into masses, sometimes of large size. As 


Was raised, the masses could be disin 


the temperature 


tegrated by gentle manipulation and, after the cells were 


completely freed from serum by repeated washings, no 


further clumping occurred. The autoageglutinin was active, 


not only against her own cells, but also against the cells 


of all other bloods tested, including memovers of the four 


accepted groups.—but not equally so. [t was least active 


against the cells of Group IV, but was quite as active 


igainst her own cells as against those of any other blood. 


= 


Finding autoagelutination in the bloods of these three 


persons made us watch carefully for it in other bloods, 


but no additional instances were discovered. It also made 


us scrutinize our expertmental procedures very closely to 


ivoid the possibility of mistaking autoagglutination for 


isongelutination. 
In this connection the following points seem worthy of 


mention, 


(1) Of the three persons in whom autoagelutination 


was demonstrated, two (Gracie C.. and Alexander T.) are 


not credited with 


\ positive renctious due to isougel 
The third t ply ll 


vlutination 


tination. is described as exhibiting iso 


a with only one type of cells, Under con 
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ditions suitable for the manifestation of autoagelutin 


tion, the serum of C.T. clumped any sort of hum cells 


her own quite as well as those of another: but at 


temperatures it agglutinated only the cells of Dot. and 
other so-called members of Group TL with blood e ) 
The autoagglutinin was sometimes absent: the 


I~ ror] 
oagel 


tintin for the cells of D).] 


= Al of 


sive series of CrOSss-i 


Was present at each exami 


itor 


the bloods studied were examined by exte 


volutination tests, and in every series 


each serum was tested against each set of cells. Unde 


such circumstances the occurrence of autoagglutina tion js 
sure to attract attention. 


After the primary reading, several additional rea 
ings were made on all our tests after subjection to vay 
ious temperatures, a procedure calculated to diseriminat 
between reactions due to the two types of agglutinins. 

believe that) the 


lor these 


‘Cusols We OCCULrehce of 


intoagglutination has not been a complicating factor 


our observations concerning the existence of bloods eiving 
unusual isougglutinin reactions. 
BLoop Grours. 


VI. CLASSIFICATION OF 


In Section Ll, 6, we have pointed out that the theor 
of Landsteiner, accepted and modified by others, was quit 


idequate to explain the behavior of four blood LOUps, as 


dependent upon the action of two agelutinins and twe 
agelutinogens. It is true that Hektoen * and Moss ® as 
sumed the presence of three agglutinins, but — several 


writers have pointed out that such an assumption was 
unnecessary to explain the reactions observed. The same 
criticism is not valid when applied to the results of the 


work reported here: the more complicated relationships 


which we have shown to occur in the isoagelutini 
groups are not susceptible of explanation on the earlie 
and simpler basis.* Onr observations demand the assump 
tion of a third isoagelutinin and a corresponding isoag 
elutinogen in the bloods of some persons ordinarily class 
ified in other of the 


one or four accepted groups 


We have called attention to the fact that the four form 
ule used to indicate the structure of the accepted groups 
by no means exhausted the possible combinations of two 
agglutinins and two agglutinogens (Section 11,6). Wit 
the addition of a third agglutinin and a third ageluti 
ogen the number of possible combinations is greatly it 


(see Table XXIIT). 


creased 


The work of Koeckert, for instance, offers convin g 


lence that the theory of 3 agglutinins and 8 agglutinogens is 


intenable in the form in which it was evolved by Moss to explai 


he behavior of bloods in the four accepted groups. With the 


as they go, our observations are 


Tables X and XVIII). 


which we ve ad 


Koeckert, so far 


n complete accerd (see His experiments 


however, do not controvert the suggestion 


vanced as an explanation of the reactions of certain 


iloods 











85 Marc, 1925] JOHNS HOPKINS HOSPITAL BULLETIN 83 





| TABLE XXIII. This leaves 19 of the 27 possibilities without a repre 
§ \gglutinins and 3 Agglutinogens; sentative. That some at least of these 19 combinations 
ie lathematical Possibilities probably exist, we may be able to show in the following 
( : Contains section of this report. 
. | 4 \g ‘ N 


VII. INpbIcATIONS FROM THE OBSERVATIONS oF OTILER 





0] 9 Be 15 iB ( WoRKERS OF THE EXISTENCE OF More TILAN 
i L Be if i¢ ( Four [SOAGGLUTININ GROUPS, 
25 0 wb 17 Be ( 
6 { ab 18 Lhe ( In view of our findings, it may seem surprising that the 
27 B tb 19 0 validity of the four accepted groups has not been seriously 
\ ( - 1 ( ° . ‘ } 
questioned during the past ten or twelve vears, during 
ib tb / ( . 
se Which blood matching and grouping has been carried on to 
. Re 7 iB such an enormous extent. It should be remembered, how 
2 Lis ) | i¢ ul ever, that not only are the tests in common use based upon 
v / Be the assumption that all human beings above the period of 
‘ } { ( ( i Be 
: mianey belong to some one ol {hie oul | nownh CTOUpPS, but 
/ r a . 
, ( Q { these tests are so devised s 10 cause every blood tested to 
| 7 ip a " }> O fall into one or other of these CTOUPS. \Mlost persons eH 
ng t 8 if (ut Ot ‘ ‘ gaged in performing isoagglutination tests do so merely to 
) ) ¢ ’ ; ip . ‘ cas ‘ophias 7 : 
I ae ! determine compatibility of bloods and availability of don 
0 1 PC 62 if — : 
‘ ors for transfusion. Those who actually do grouping 
| 0 he ‘ Re - 
12 i he 64 LB 0 use one, and usually only one, of the accepted short cut 
io i ( methods. UT ancl I’ these Col ditions, While discrepane ICs 
! . { ' } . . : . ° 
- : :4 : ‘ might be encountered, it is extremely unlikely that an 
: ; , : Se unusual group would be recognized. The chances of 
: If we eliminate all combinations which would indicate ; : 
— ° ° aking such an observation would be ereatly nereased in 
” he presence of an agglutinin and its corresponding ag 
: Or . the case of those performing extensive series of cross 
g vlutinog n the same blood, there remain 27 which we ; 
ae ; ee agglutination tests in which bloods from all of the foun 
- ay for the present regard as biological possibilities (see ) 
ss at ; eroups were used: even then very long series might be 
1) Table XXIV , | te , 
: required before a blood with exceptional reactions Was 
TABLE XXIV. discovered. None such was observed by Moss in perform 
binations of } Agglutinins and 3 Agglutinogens; Ing > successive series of cross-igelutination tests, each 
IPS Biological Possibilities. . = ° “1 a 
: series containing blood from 20 different persons. That 
Contains Contains such exceptional bloods li ay be « neountered and still he 
Agglut Agglut No it \ overlooked is apparent Prom careful study of -Jansky’s 
in ! en n 
tables. 
ig 10 ; 
; ) aA i ( 9 0 abe 1.—Jansky. 
SS ; He B 2) 0 ) 
le LB a: ; In his work Jansky ° used sera from 30 psychiatric pa 
( ‘3 0 ab ) R O lients; two of these patients were epileptics and from 
I 14 ” . . . . . 
0 F Cv abu =o ( 0 each of them he secured an additional specimen of serum 
Ips ; v * a > . » 1 ”» ° 
16 0 “ . Ls . just after an attack, thus having 32 specimens of serum 
Wt ; 4 5 ( = : . i 
, from 30 persons. The 32 sera were diluted 1 to 5 and 
( a) ( 2 ¢ Re ) 
Qn S { hy 27 LR ; used to test the whole blood of 09 Persons 1ile¢ lucding the 
50 who furnished the sera. He made his preparations on 
Of these 27 theoretically possible combinations, our slides which were then examined mac roscopically, iach 
ork has indicated the actual existence of 8, as follows: blood was tested with each of the 32 sera, except in 8 
O—a (Gracie C. and Alexander T.) instances, making a total of 5160 tests, all of which are 
C—a (C.T. and G.V.C.) tubulated in his article. On the basis of the results ob 
i L, BC—a (LK. and A.H.) tained, he classified his 52 sera as follows: Group L (Moss 
\) I—b  (..11. and many others) Gr. IV).—12: Group II—12 (including two duplicates ) 
13 O—ab (Y.O. and G.S. Group I1I,—6; and Group IV (Moss Gr. [),—2. It is 
S I—be (DI. and 15 others) easy for the reader to analyze his tables and assign sim 
a wh iB—o (S.7.) ilar groupings to most of the other persons whose serum 
rf i BC—o J.D. and G.G.) Was not used, but whose whole blood was tested with the 
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32 specimens of serum. The blood of some of these per 
sons, however, did not react in such a manner as properly 
to permit their inelusion in any of the four groups; of 
these exceptional bloods—to which he made no reference 
in his text—there are two in particular to which we wish 
to call attention. 

The whole blood of No. 7627-8.3., a patient with mel- 
ancholia, was tested with the 32 specimens of serum pre 
viously mentioned. The tabulated results show that red 
cells of this patient were agglutinated by each of the 12 
Group | (Moss Gr. IV) sera used, and by these only. The 
results were negative with the other 20 sera representing 
Group Il, Group ILL and Group LV (Moss Gr. 1). This 
indicates that the red cells of No. 7627-8.1. were devoid 
of agglutinogen capable of reacting either with agglutinin 
{ present in Group IL serum, or agglutinin B present in 
(iroup ILL serum. There was present in these red cells, 
however, an agglutinogen capable of reacting with an 
agglutinin present in Group [ serum (Moss Gr. IV) but 
absent from the sera of Groups Il and ILL. This necessi- 
tates the assumption of an agglutinogen other than a or b 
in the red cells of the patient No. 7627-8.3., and of an ag- 
glutinin in addition to A and B in the serum from each 
As the 


serum of No. 7627-3.3. was not used in any of Jansky’s 


of the 12 members of Group [ (Moss Gr. IV). 


tests, we can form no surmise concerning its agglutinin 
content other than that it might have been that indicated 
by any one of the four combinations numbered 9 to 12 in 
Table XXIV (O—c; A—c; B—c; AB—) ; it is sufficient 
for our purpose to represent this unusual blood by the 
formula. ?—c. Whatever its agglutinin content, it is ob 
vious (1) that this blood was different from that of the 
members of Jansky’s four groups; (2) that it forms an 
exception sufficiently definite to prove the existence of an 
additional group; and (3) that more than two isoaggluti- 
nins and two isoagglutinogens are present in human blood. 

It has been mentioned that the cells of patient No. 7627 
S.J. were not agglutinated by any sera except those of 
(Moss Gr. IV) 


reasons for assuming the presence of agglutinogen ¢ in 


Group | and we have presented our 
these red cells and of agglutinin C in the sera which ag- 
glutinated them. From these premises it is logical to con- 
clude that agglutinin C was absent from the serum of the 
6 members of Group III, all of which failed to agglutinate 
the cells of No. 7627-8.1. The formula for these mem 
bers of Group LILI, therefore, would be that represented by 
combination 2 in Table XXIV (B—«a), rather than that 
which we found in the two Group IIL bloods which we 
studied by means of absorption tests (Sect. ILI, 3; Sect. 
EY, 2). 

Other discrepancies are to be found in his tables, as for 
instance, in the behavior of the blood patient No. 7524 
F.B. (progressive paralysis). This blood was classified as 
belonging to Group III (page 116) but the tables show 
that the red cells were not agglutinated by any serum, in 
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other words they reacted like the cells of Group | ( Mogs 
Gr. IV). The serum of this patient agglutinated the 
cells of Group II and Group IV (Moss Gr. I), but it ag 
glutinated the cells of only 6 of the 19 bloods in the series 
whose cells behaved otherwise as Group III, and failed to 
agglutinate those of the other 15. Apparently the blood 
of No. 7524-r.8. in its reactions resembled Group | 
(Moss Gr. IV) more closely than the group to which 
Jansky assigned it, but differed from Group I (Moss Gr, 
[V) in that it was deficient in agglutinating power for 
some Group IIT cells. 

This in turn ¢alls attention to the fact that the 19 bloods 
whose cells reacted like those of Group IIL were not all of 
the same type. The agglutinogen content of the 6 that 
were agglutinated by serum of No. 7524-P.2. must 
have been different from that of the 13 that were not so 
agglutinated, yet to every other serum except this one, 
the 19 bloods reacted consistently. This is in many ways 
like our own experience already dwelt upon at some 
length; had we not had at our disposal one exceptional 
blood (C.T.), we would never have suspected that there 
Was anything unusual about that of D.J. 

Although these rather obvious exceptions to his general 
rules apparently escaped the attention of Jansky, indica 
tions are not lacking that others have encountered some 
what similar discrepancies. 

2.—Ottenberg. 

In 1911 this author 
Group LII wrote as follows: “Members of this group some- 


‘ describing the characteristics of 


times show slight individual irregularities, the cells now 
and then failing to be agglutinated by the sera of some 
members of the second group, although being agglutin- 
ated by others, and the sera occasionally agglutinating the 
cells of some but not all other members of the third group 
itself.” 

Such observations, if correct, would certainly suggest 
that arbitrary classification of bloods so unlike in the 
same group is both inexact and illogical. 

From an earlier report with Epstein,’® in which they 
classified bloods into 3 groups we read, “This grouping 
was remarkably regular. Out of all the tests there was 
really not one which did not fit into it. There was one 
exception in which with repeated trials the red blood cells 
of group 2 were not agglutinated by the serum of @ 
blood which clearly belonged to group 1 since it was not 
agglutinated by any other blood.” The reactions of this 
exceptional blood (No. 45) are shown in their table on 
page 121. 

What are we to think of a so-called Group IV blood, 
for this is the equivalent of their “group 1,” which agglu 
tinates Group III cells and fails to agglutinate those of 
the four members of Group II against which it was tested? 
It might be added that it also agglutinated the cells of 
Group I, as there was in the series an unrecognized met 
ber of this group (No. 49) and prebably another (No. 48). 
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Taken at their face value, the results indicate an absence 
of agglutinogens @ and 6b in the red cells of this excep 
tional blood, since they are not agglutinated by the sera 
of Groups II and IIT, and also an absence of agglutinin B 
in the serum, since it does not agglutinate the cells of 
Group II. As to the possible structure of such a blood 
we can only suggest that it might be that of combin 
ation 10, 21 or 25 shown in Table XXIV (A—ec; A—o; 
1V0—0). 

Attention might also be called to the behavior of No. 47 
classified as “group 3” which agglutinates the cells of the 
{ members of “group 2” in the series and those of one un 
recognized member of Group I (No. 49), but fails to ag 
glutinate those of what is almost certainly another mem 
ber of Group IL, since its serum is apparently devoid of 
agglutinative power (No. 48). This also, if taken at its 
face value, would indicate that No. 48 and No. 49, although 
alike in the absence of agglutinins from their sera, differed 
in the agglutinogen content of their cells. Since the cells 
of both were agglutinated by group 1 (Group IV) and 
group 2, they apparently possessed at least one aggluti- 
nogen in common (@ or ac) ; since one was agglutinated by 
the serum of the only member of Group III against which 
it was tested and the other was not, there was evidently 
an agglutinogen in the cells of one which was lacking in 
the other (0). The structure of these bloods might be 
indicated as possibly being O—ab or O—«be for No. 49 
and O—a or O—ae for No. 48 (Combinations 13, 19, 1 and 
l5in Table XXIV). Two of these are combinations which 
we have found in our own work, O—ab and O—«a (see 
Sect. VI). 

3.—Brem, 

In a report in 1916 Brem * wrote, “Another precaution 
that must be observed is that the Known Group 2 or Group 
3 blood which is used for determining the group of another 
blood must contain in the serum strong agglutinins. The 
strength or quantity varies in different serums even of the 
same group, and we were led into serious error on another 
occasion by using a known Group 2 blood, which was 
weak in agglutinins, for determining the group of a donor. 
The known Group 2 corpuscles were not agglutinated by 
the donor’s serum and the known Group 2 serum appar- 
ently did not affect the donor’s corpuscles, that is the don- 
or apparently belonged to Group 2, which was the group 
desired for transfusion. The reaction which resulted in 
Afterward we 
regrouped the donor’s blood with another Group 2 blood 


this instance, also, was most alarming. 


and found that the known Group 2 serum agglutinated the 
unknown corpuscles, that is, the donor’s blood belonged to 
Group | and was unsuitable for the transfusion.” 

Here was a “known Group 2 blood” with serum which 
failed to agglutinate the cells of “Group 1.” It would be 
very helpful to know (1) whether this serum was fresh, or 
old and deteriorated, and (2) whether the serum from 
this person was ever able to agglutinate these particular 
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“Group 1” cells, before or after the date of this failure, 
but information on these points is lacking. If this was a 
transient deficiency in agglutinative power, or one depen- 
dent upon deterioration of stock serum, it does not con 
cern us in this connection. 

On the other hand, if fresh serum from this “known 
Group 2” was never able to agglutinate the cells of this 
“Group 1” blood, in other words, if the weakness of ag 
glutinating power of the serum amounted to continued 
and consistent inability to agglutinate cells readily ag- 
glutinated by other “known Group 2” sera, it suggests a 
blood devoid of agglutinin A but containing agglutinogen 
b. Such a blood (O—6) would correspond to combination 
5 in Table XXIV. Such a blood would naturally be classi 
fied as belonging to Group II by the method of cross 
agglutination with the cells and serum of a veritable mem 
ber of Group II. Cross-agglutination with the cells and 
serum of Group III] would assign it to Group I (see Table 
IV). In reality it properly belongs in neither group. 

1.—Meleney, Stearns, Fortuine and Ferry. 


. 


In their report on “Post-transfusion Reactions” these 


writers say '‘ “Specimens of blood belonging to Group III 
are occasionally met with, Miss Olmstead tells us, whose 
serum has no agglutinins for Group II. The final test for 
these specimens to distinguish them from Group IV” 
{Moss Gr. I] “which also has no agglutinins for Group II, 
must be their ability to agglutinate the cells of Group IV” 
| Moss Gr. I] “and the inability of the serum of Group III 
to agglutinate their cells. As Group IV” [Moss Gr. I] 
“is usually not available, the latter point must usually be 


, 


the deciding one.” A blood with the formula A—o would 
fulfill these conditions, namely, (1) inability to agglu- 
tinate the cells of Group II, (2) ability to agglutinate the 
cells of Group LV (Moss Gr. I), and (3) insusceptibility 
of red cells to agglutination by the serum of Group III; 
but as the serum would be able to agglutinate the red 
cells of Group IIT, it is difficult to see how such a blood 
could be assigned to Group III if this test were carried 
out. 

5.—Happ. 

The work of Happ and others, who preceded him in the 
same line of investigation, has furnished much informa- 
tion concerning the development of isoagglutinin groups 
in the blood of infants and children. From Happ’s con- 
clusions the following are of interest to us at present: 

“2. The grouping as present in adults is rarely present 
in blood from the umbilical cord.” 

“3. At birth and during the first month of life isoagglu 
tination is rarely present, but the percentage of infants 
in whom the isoagglutinin group is established increases 
with age, so that after 1 year the group is usually estab 
lished, and after 2 years is always present as in adults.” 

“4. The grouping is established in the corpuscles before 
it is established in the serum: i.e. the corpuscles acquire 
agglutinophilic receptors before the serum acquires agglu 
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tinin. Therefore, Group | is the first group to be formed 
and Group LV is the last.” 

“5. The early grouping in the corpuscles before the 
group is established in the serum is liable to change by the 
acquisition of new receptors.” 

“6. When the grouping has been established in both 
serum and corpuscles it does not change.” 

Conclusion No. 5 suggests an interesting possibility. In 
the successive development of agglutinogens,—the appear 
ance of one often preceding the development of another by 
a considerable interval—the red cells of an infant might 
at one stage contain agglutinogen c alone, before its pres- 
ence Was obscured: or overshadowed by the development of 
agelutinogen « or b. 

His first table (p. 819-320) shows the results of tests 
performed with 49 different bloods from the umbilical 
cord or from infants up to one month old.. The sera and 
cells were tested against the cells and sera of adults repre 
senting each of the four accepted groups. Three of these 
1) bloods showed a very interesting reaction;—at one 
agglutin 


’ 


stage the red cells from each were “detinitely’ 
ated by the serum of Group IV but not by the sera of 
Groups I, If or III. One of these bloods (No. 12; negro; 
female; tested June 6, 1914; aged 7 days) was again ex 
amined 10 days later, at which time the red cells were 
“definitely” agglutinated by serum III as well as serum 
[V, and so were assigned to Group Il. Another (No. 15; 
white; male; tested June 8, 1914; blood from umbilical 
cord at birth) was also examined LO days later, at which 
time the red cells were “definitely” agglutinated by serum 
[1 as well as by serum LV, and so were classified as Group 
(Il. The third blood giving this unusual reaction (No. 
‘7; white; male; tested May 25, 1916) was tested only 
once, at a time when the infant was seven days old. 
These findings may be interpreted in more than one 
way. Was the Group LV serum stronger than the others? 
Did it contain more agglutinin A than serum I], and 
more agglutinin B than serum IIL? A serum of high 
agelutinative power might cause a reaction with feebly 
agglutinable cells, not produced by weaker sera. This 
suggestion cannot be entirely dismissed but would have 
greater force if agglutination of these cells by any serum, 
when it occurred at all, had been reported as anything 
less than “definite.’ There is quite as much to recom 
mend another theory which implies a qualitative rather 
than a merely quantitative difference, (1) in the cells of 
the same infant at different periods, and (2) in the dif 
ferent sera. If the latter explanation is correct, we might 
conclude from the behavior of these three bloods that: 
(a). There was present in the red cells when first 
tested, an agglutinogen incapable of reacting with either 
agglutinin A or agglutinin B, but readily demonstrable 
by means of serum from Group LV,—a serum which as we 
have shown, not infrequently contains agglutinin C. This 


agglutinogen was, in all probability, c. 


[ No. 385 


(b). Agglutinogen ¢ was demonstrable in these red 


cells before the appearance of either agglutinogens « or b. 


and so, for a period, was the only one present.* 

(c). The result of tests made after a lapse of 10 days. 
illustrates the way in which the presence of agglutinogen 
¢ may be obscured by the presence of agglutinogens a or b. 
If the earlier tests had been omitted, the presence of ag 
vlutinogen ¢ would have escaped recognition. 

§.——{ nger. 
In 1921 Unger ’® wrote as follows: 

“Although, in the majority of cases, the blood of donor 
and patient belonging to the same group are compatible, 
nevertheless, the number of exceptions are sufliciently 
great to warrant a different procedure and greater cau 
tion. In the course of performing many thousands of tests 
preliminary to transfusion, | have occasionally noted that, 
although the donor and patient are of the same group, 
when the bloods are tested one against the other a small 
number of agglutinated clumps of blood cetis will be seen.” 

“Each time this phenomenon was observed, the same 
samples of serum of Groups II and III were used to deter 
mine the group of the patient, and all donors who were 
tested against this case. Certain donors were found ha 
bitually to give this reaction. Although their cells fell 
definitely into Groups II or LI], their serum gave minor 
agglutinative reactions against cells of patients of the 
sume group. The microscopic method was used in every 
case; in none was there any rouleaux formation.” 

“Although ordinarily such donors are rejected, urgent 
need has forced me to transfuse patients in which this 
phenomenon occurred. In each case there was a sharp 
reaction—chill and fever—undoubtedly due to the occur 
rence of agglutination. One of these patients I subse 
quently transfused with a donor whose blood was per 
fectly compatible, as viewed by the microscope, and ne 
reaction whatever occurred.” 

“The recognized group of an individual is established by 
the presence of a “chief” or “major” agglutinin in his 
serum. Agglutination of cells by serums of the same 
group is probably due to a “para” or “minor” agglutinin, 
which causes a lesser degree of agglutination. The trans- 
fusion of such blood gives rise to clinical reactions. This 
disagreeable result, however, can be eliminated by testing 
the blood of every prospective donor directly against the 
patient’s blood and by careful microscopic examination of 
the mixtures.” 

“It is believed commonly that the cells of Group IV can 
not be agglutinated by any serum. A person of this group 
is accepted as a ‘universal donor.’ By this term is meant 

* That this particular stage may persist in the blood of older 
persons, is illustrated by the behavior of the red cells of Janskf’s 
patient No. 7627-8.3., which were agglutinated only by the 
serum of Group IV (see Sect. VII, 1). It is true that the age of 
the patient was not stated but it is improbable that a young child 
would be diagnosed as suffering from “melancholie.” 
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, donor who in an emergency may furnish blood to any 
patient regardless of group, on the theory that danger 


arises only when the donor’s cells are agglutinated and 
that agglutination of the patient’s cells may be dis 
reearded. In nine patients, however, serum was found 


o agglutinate cells of certain Group LV donors. Six of 


these patients belonged to Group LV, one to Group IT, and 
in two others unfortunately the type was not determined. 
\ result of this kind demonstrates the inadequacy of 
‘typing’ merely the patient, and the necessity of testing 
the blood of donor and patient one against the other. Five 
patients showed the phenomenon of auto-agglutination 

that is, the cells of the patient were agglutinated by his 
own serum; the four others apparently contained ‘minor’ 
lutinins for Group LV cells. lor patients 


age 
whose blood contains minor agglutinins for Group IV 
cells, search must be made until a proper donor is found.” 

This quotation serves to emphasize the futility of re 
varding as conclusive the classification of bloods by a 
method with such obvious limitations. It also emphasizes 
a point which we consider self-evident; whatever their 
previous classification, bloods which cross-agglutinate do 
not belona to the same group. 

We shall omit detailed analysis of this interesting and 
suggestive communication, selecting merely the final para 
graph of the quotation for further comment. In this par 
agraph we are told: “In nine patients, however, serum was 
found to agglutinate cells of certain Group IV donors. 

Five patients showed the phenomenon of auto 
agglutination, the four others apparently 
contained ‘minor agglutinins for Group IV cells.” These 
bloods, particularly the “four others” just referred to. 
which were capable of agglutinating the cells of “certain 
Group [VY donors,” seem to have impressed the author as 
being unusual. It is an impression which we share; they 
were unusual; any blood capable of agglutinating Group 
[V cells is unusual. We desire to direct attention, how 
ever, to the “certain Group TV donors” whose cells were 
agglutinated. One of the criteria for the recognition of 
(iroup LV is that the cells of this group are inagglutin 
able by the serum of their own or any of the other three 
ceepted groups, vet there are “certain Group TV donors” 
Which form an exception to this rule. Since they so ob 
viously differ from the common run of IV’s, their inclusion 
in this group must rest upon sentiment and tradition only. 
llow were they assigned to Group TV in the first place? 
The context leads us to believe that it was by the use of 
sera from Groups II and IIT; and to have been classified 
as Group IV by this means, there must have been no ag 
glutination by either serum. This suggests that the red 
cells of these unusual bloods lacked agglutinogens « and 
b, and that their eventual clumping by the “minor agglu 
tinin” in the serum of “the four others” was produced by 
reaction with agglutinogen c. Lacking information con- 
cerning the behavior of the sera of these unusual bloods 
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we have no means of surmising their agglutinin content. 
Our conjecture regarding the formula which might ex 
press such characteristics as we are warranted in assum 
ing, cannot go beyond that used in the case of Jansky’s 
patient No. T627-8.3., ?—e, 

7.—Nchiitze, 

In 13 Group IL bloods, this author *® found 5 whose 
cells were feebly agglutinated and 9 whose cells were 
strongly and equally agglutinated by the serum from a 
member of Group LV. Absorption of this Group IV ser 
um with the cells of the tirst type (feebly agglutinated) 
removed much but not all of the agglutinin for these, and 
still left the agglutinative power for the other type 
(strongly agglutinated) practically intact. Absorption 
of the Group IV serum with the strongly agglutinated 
cells removed most of the agglutinin for these and all of 
that for the feebly agglutinated cells. It is to be noted 
that in neither experiment was the absorption complete 
for the type of cells used for absorption. He attributes 
his results solely to quantitative differences in agglutin 
ability of the two types of Group II cells, but it is evi 
dent that they might just as readily have been due to 
qualitative differences. His results are rather reminis 
cent of those which we obtained with the cells of Group 
[I (H.) and Group II (D.J.) (see Sect. 111, 3). It might 
be urged that his explanation might do equally well for 
not controlled them in another 


our observations if we hac 
way. The serum of the patient C.T. never agglutinated 
the cells of Group II (H.) and others of this type; it 
always agglutinated cells of the type of Group II (D.J.) 
and of this type only. This is strong evidence of a quali 
tative rather than a merely quantitative difference in the 
two types of Group IL cells. 

8.—Hooker and Anderson, 

In the admirable paper in which Hooker and Ander 
son *! describe the production of group-specific heteroag 
glutinins by the immunization of rabbits with human 
blood from each of the four groups, they admit surprise at 
securing a serum of even greater group-specificity with the 
cells of Group [V—which are supposed to contain no iso 
ageglutinogen—than with those of the other three groups. 

Certain antigenic properties were assumed to be cori 
mon to red cells of the four groups. Since the immunized 
rabbit sera were to a greater or lesser extent group-spe 
cific, it was apparently likewise assumed that the isoagglu 
tinogens characteristic of the red cells of Groups I, [IT and 
[1] were capable of acting also as heteroagglutinogens, 
and the absorption experiments add weight to this as 
sumption. This the authors could understand, but were 
unable to account for the fact that their Group IV cells 
evidently also contained a group-specific agglutinogen. 
Inasmuch as they considered the question of the existence 
of “subgroups” as still an open one, they took steps to 


{ 


reduce “the number of variables”’—presumably those 


occurring in members of the same group—by using the 
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blood from only one person in each group for the immuni- 
zation of their rabbits. We can merely speculate as to the 
formula of this blood used as a representative of Group 
IV. In its reaction with the bloods of the other groups it 
behaved ina characteristic manner; if its formula had 
been AB—c, it would probably have behaved no less char 
acteristically and the results obtained on immunization 
would be more readily understood. The following quota- 
tion may be readily reconciled with our suggestion. “That 
a specific isoagglutinogenie element is possessed by many 
members of Group I” [Moss Gr. [IV] “is suggested by the 
observation that after transfusion of Group I blood” 
| Moss Gr. IV] “a considerable search is often necessary 
before inagglutinable bloods can be found for subsequent 
transfusions.”* 

We have neither desired nor attempted to present every 
suggestion to be found in the literature concerning the 
existence of additional isoagglutinin groups, but have 
contented ourselves with a few examples illustrating var 
ious sorts of exceptions to the accepted rule. From these 
citations it is evident that other workers have encountered 
bloods which did not behave in the traditional way. Con- 
cerning some of these exceptional bloods there is sufficient 
information available to form a reasonable idea as to their 
agglutinin or agglutinogen content. The formule thus 
evolved have been shown to correspond with certain of the 
combinations considered as biological possibilities and 
presented in Table XXIV. We do not wish to lay too 
much stress on the conjectures advanced to explain the 
behavior of these bloods, but it is difficult to escape the 
conclusion that other combinations exist beside the eight 
which we have encountered in our own work. (Sect. VI.) 

We might quote instance after instance from the pub- 
lished and unpublished experience of others in which the 

* The work of Langer™ we have not overlooked, but intention- 
ally omitted, as his results are too bizarre for acceptance, even 
by us. In cross-agglutination tests with bloods from 10 persons, 
he found 9 different reaction-combinations; in another similar 
group of 10 he found 8 different combinations. We are asked to 
believe, in effect, that 17 blood groups were found in the exam- 
ination of only 20 persons, apparently selected at random. These 
results have not been confirmed by any subsequent observer. 
Langer maintained also that he had demonstrated the presence 
of not less than 6 different isoagglutinins in one serum. We have 
felt, therefore, that citations from his work would not add to the 
credibility of our own, and have preferred to confine our refer- 
ences to the work of authors whose observations inspired more 


confidence. 
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The Hospital Bulletin contains details of hospital and 
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bloods of persons, shown to belong to the same group by 
the ordinary tests, exhibited isoagglutination when 
matched against each other. All of which serves merely 
to accentuate the fact that by the methods in general use, 
every blood is bound to fall into one of the four accepted 
groups; but within some, perhaps within each of these 
four groups, are included bloods of diverse sorts, having 
sufficient in common to secure assignment to the same 
group but enough dissimilarity to manifest incompati 
bility, oftentimes on cross-matching or on transfusion, but 
which may escape recognition even then. 


(To be concluded. ) 
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STUDIES ON THE INFLUENCE OF PREGNANCY IN SYPHILIS 
[. THE COURSE OF SYPHILITIC INFECTION IN PREGNANT WOMEN * 


JoserH Earte Moore, M. D., Baltimore 


as) 


(From the Syphilis Department of the Medical Clinic, 
The Johns Hopkins Hospital) 


Colles’ law, formulated in 1837, represents the first | men.° The great frequency of testicular involvement in 


recognition of the fact that in addition to the pernicious late syphilis has also been emphasized.° 
effects of syphilis on the product of conception, there is However, attempts to inoculate the symptomless moth- 
also a modifying influence exercised by pregnancy on the ers of syphilitic children with infectious material from 
course of syphilitic infection. This law, which states that patients with primary or secondary syphilis were unsuc- 
a nomsyphilitic woman may bear a syphilitic child and cessful (Caspary,’ Neumann,* Finger.*) By means of 
that, since she may nurse her own child with impunity animal inoculation, Buschke '® succeeded in demonstrat- 
though others may be infected by it, she is therefore im- ing Treponema pallidum in the inguinal glands, and 
mune from infection, implies that the fetus is infected Uhlenhuth and Mulzer*! found it in the milk, of such 
directly by the father. The validity of Colles’ law and of mothers. Moreover, with the introduction of the Wasser- 
the paternal transmission of syphilis is still unsettled. mann reaction, it developed that about 90 per cent of the 
The purpose of this paper is to show from a correlation of mothers of syphilitic children presented positive tests in 
the clinical and experimental evidence in the literature the blood.’* 
that in all probability neither of these hypotheses is Vaud It was further pointed out that paternal infection of the 
If this be admitted, it will then be shown by it clinical ovum was highly unlikely. Bab ** and Trinchese '* showed 
study of pregnant syphilitic women m potietgeancy may that only four possibilities of infection of the fetus exist: 
cause alterations from the ty, rica MES ponse to infection (1) the spermatozoon may carry the treponeme into the 
with syphilis, such as cone » suppression of all early ovum; (2) the treponeme may be contained in the semen 
lesions or a distyrkancé of” the usual time relations of the and, though not in intimate contact with the sperm cell, 
primary, secondary, and tertiary periods of the disease. may penetrate the ovum simultaneously with it; (3) the 
Furthermore, it will be demonstrated that the protection | ovum may contain treponemes prior to fertilization; or 
from the manifestations of syphilis afforded by pregnancy (4) the fetus may be infected through the maternal cireu 
often extends over a long period of time. It will be shown lation. The first possibility is practically inconceivable 
also that the Wassermann test in the blood during the because of the relative size of treponeme and spermato 
pregnant state behaves in a manner different from that zoon (unless one presupposes a much smaller form of 
in normal women. organism as yet undiscovered), the almost certain early 
In the older literature, it has been generally considered death of an ovum infected in this way, and the fact that, 
that paternal transmission of syphilis to the fetus was if the treponeme could thus invade such a minute part of 
not only possible but frequent, the main points of the | the maternal organisms as the ovum, it is impossible that 
argument being the obvious freedom of mothers from | the mother herself could escape infection. The second 
signs of infection and the fact that anti-syphilitic treat- | requires a constant synchronization of penetrating pow- 
ment of the father alone sometimes resulted in a healthy | er between the sperm cell and the treponeme, which is 
infant. As corroborative evidence of this possibility, it | equally fanciful. As for the third, even if we leave out of 
may be pointed out that several investigators have dem- consideration the probable fate of such an infected ovum, 
onstrated the infectivity for animals of seminal fluid from treponemes have been found in ova too infrequently to 
syphilitic men, though only a small percentage of attempts convert this possibility into a probability. Trinchese 
have been successful,’ and these usually from patients further points out that in abortions before the fifth month 
with florid secondary syphilis. Suecessful inoculations evidences of syphilitic infection of the fetus are always 
with the semen of syphilitics in the tertiary or in the lacking. Inasmuch as later fetal syphilis consists of an 
latent stage have been very few indeed.‘ Recently, tre- overwhelming spirochetal sepsis, he concludes that infec 
ponemes have been microscopically demonstrated in se- tion of the fetus must occur in the latter half of preg 


nancy, and that it must enter from the maternal circula- 


ee : , = : tion. That this mode of infection of the fetus is possible 
Read before the Rochester (N. Y.) Academy of Medicine, No- . . : Pipi: 
is shown by the animal experiments of Uhlenhuth and 


vember 22, 1922. 
This clinical investigation has been aided by funds from the Mulzer.’* They demonstrated that, in pregnant rabbits, 
Interdepartmental Social Hygiene Board and the American Social the placenta Is easily traversed by virulent treponemes 


Hygiene Association. inoculated intravenously, and that the organisms may be 
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readily recovered from the fetal organs or the fetal por- 
tion of the placenta. 

The refractory state of the mothers of syphilitie chil- 
dren to re- or super-inoculation, the demonstration that 
they may be carriers of treponemes in lymphoid tissues 
(analogous to the findings in animals and humans defi- 
nitely known to be latent syphilities),'® the almost con 
stant occurrence of a positive Wassermann reaction in 
their bloods, the evidence against the occurrence of infec 
tion of the young ovum, and the demonstration of the 
placental permeability to treponemes has finally settled 
the question of Colles’ law for most workers. <A few, 
however, remain still unconvineed,'* and, from the tone of 
current literature, there are others who are at least 
doubtful. 

Recent experimental evidence offered by Brown and 
Pearce 'S is here of the utmost importance, and deserves 
quotation, They say :— 

“Normal rabbits, whether male or female, react to intradermal 
inoculation of the vulva or sheath by the prompt development of 
characteristic indurated lesions at the site of inoculation and a 
well marked lymphadenitis. 

“Of eight pregnant females inoculated in the same way, onl) 
four of them showed any clinical signs of infection whatsoever; 
in three of these the reaction consisted of a very slight and 
transient infiltration at the site of inoculation, unaccompanied by 
lymphadenitis; one of these animals showed no constitutional 
disturbance, but the two in which the local reaction was most 
marked, showed profound constitutional disturbances as_ well. 

The only inoculation of a pregnant animal which 
gave rise to a lesions comparable to those of the controls was 
made during the middle of pregnancy, but the lesion did not 
appear until towards the end of lactation.”* 

The experiment just cited shows that a pregnant rab- 
bit inoculated at the time of conception fails to react 
to infection in the same manner as normal controls. 
There may be created in the animal a condition quite 
analogous to that in the human who apparently fulfills 
the requirements of Colles’ law,—a complete absence of 
signs of syphilitic infection, although, in the case of the 
rabbit, infection is definitely known to exist. These data 
provide the missing link in the chain of circumstantial 
evidence against the validity of Colles’ law. To complete 
the case, it is necessary only to show that a large propor- 
tion of Colles’ women are actual treponeme carriers, in 
spite of their own freedom from disease. In a subsequent 
paper of this series this point will be dealt with. 

There have been reported a few cases of exceptions to 
Colles’ law, the mother of a syphilitic child having sub- 
sequently acquired primary and secondary syphilis. As 
Carle '® points out, however, these cases are wholly uncon- 
vinecing to a trained observer and may probably be dis 
missed altogether. It is more difficult to explain why 

* An incubation period of 54 days, in contrast to an average of 
10 days in the controls. Seven of these eight animals were inoc- 
ulated with syphilis and impregnated within a period of 24 hours, 
so that infection and impregnation practically coincided, 
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treatment of a syphilitic father will interrupt a series of 
syphilitic fetuses with a healthy child. The well known 
capriciousness of syphilis in attacking the fetus may be 
the explanation. 

It can now be shown that in the human, as in the ani 
mal, definite alterations in the course of syphilis are 
caused by pregnancy. The most important consists in g 
complete suppression of the usual early lesions of the dis. 
ease, provided infection and impregnation coincide, and 
this condition occurs when infection is known to be 
transmitted in the usual manner, by direct contact. The 
peculiarities of the disease in these women probably de 
pend, therefore, on the factor of pregnancy, and not on 
the method of infection. 

The Frequency of Latent Syphilis in. Women.—That 
there are variations in the clinical types of syphilis in 
The Wasser 


mann reaction has provided an additional fact,—the fre. 


males and females has long been known. 


quency of latent syphilis in women as compared with men, 
A statistical study of the admission diagnoses of 5410 
patients from the Syphilis Department of this hospital 
appears in Table I. It is shown first, that secondary 
TABLE I. 
Admission Diagnoses of 5410 Syphilitic Patients 
Showing Sex Differences, particularly in Latent Syphilis 
and Neurosyphilis 


Males Females 
Admission _ 
Diagnoses Total Per cent of total|| Total Per cent of total 
Cases males Cases females 
Primary 314/10.56 41| 1.68 
= Secondary early 683/22.98) 36.64 523/21.45 2477 
i Secondary recurrent 92) 3.09 40| 1.64 
> Tertiary skin & m.m.| 246] 8.27 267/10.95 
= Bone 209| 7.03 196| 8.03 
$ las a —az| 24.30 = 7 26.37 
= Visceral 109) 3.66 105) 4.30 
= Cardio-vascular 158| 5.31 75| 3.07 
n | eae oe 6 > 2e 
z All groups 605 20.35), 158 6.47 
bet | 
= Wassermann 534/17.96 1085|44.50 
a ; ; 2 5 wel a aa «447.57 
% History 181i) 6.09 74-05 7o| 3.07, **°?! 
Total 3131 2565) 
Less duplications 286) 127| 
Total Cases 2972| 2438] 


syphilis is equally frequent in the two sexes; second, no 
gross sex differences appear in the incidence of tertiary 
syphilis; third, neurosyphilis is three times as frequent in 
men as in women; and fourth, latent syphilis is almost 
twice as common in women as in men. The explanation 
of the milder course of the disease in females is, I believe, 
at least partially due to the influence of pregnancy. Of 
LO85 women with Wassermann positive latent syphilis, no 
less than 470, or 43.3 per cent, were pregnant at the time 
of the first examination. 

A Clinical Study of Syphilis in Pregnant Women.—Two 
hundred women have been selected at random from the 
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patients referred by the Obstetrical Department to the 
Syphilis Clinic, and from the non-pregnant mothers of 
syphiliti« children. Of these, 44, or 22 per cent, had 
definite manifestations of syphilis, the remainder being 
free from gross e\ idences of the disease. For convenience 
in discussion, the patients have been classified as shown 


in Table Ll. 


TABLE Il. 


Diagnostic Classification of 200 Women, 


n hom Syphilis was Complicated by Pregnancy 
DIAGNOSIS 

Syphilis imary and pregnancy 
nda ' - 
n ry S 
tent ; a (primipare) 63 
(multipare ) 72 
Non-pregnant mothers of syphilitic children 22 
Total, 200 


Barly Syphilis and Pregnancy.—A study of early syph 
ilis complicated by pregnancy shows that certain women 
may react to syphilis contracted at the time of impreg 
nation or during gestation with the usual manifestations 
of the infection, which are, however, much milder than 
when the disease is contracted independently of preg 
ney. On the other hand, the normal time relations 
between pl imary and secondary syphilis may be disturbed, 
presumably by the factor of pregnancy; and the allergic 
condition predisposing to tertiarism may be reached with 
greater rapidity than is normally the case. 

Thirty-five pregnant women had primary or secondary 
syphilis on admission. In three, all white primipare aged 
1, 19, and 26, respectively, and each about 8 months preg 
ant, the lesion was a typical single chancre of 7, 10, and 
l4 days’ duration, in which treponemes were demonstra 
ted. Unless it is assumed that the incubation period of 
syphilis was altered by pregnancy, it is certain that in 
ection occurred after the 6th month of pregnancy. No 
peculiarities were noted in the initial lesion. 


Thirty-two of these patients, 9 white and 28 colored 
women, showed definite lesions of secondary syphilis on 
ulmission. All, except 5, were primiparz and the aver 
age age Was 19 years (white patients 21, colored 18). The 
majority were far advanced in pregnancy, the duration of 
vestation being 3 months or less in 6, from 3° to 6'months 
n 12, and from 6 to 9 months in 14 instances. In 9 in 
stances a chancre was present in addition to the secondary 


esions, and the date of infection could, therefore, be set 
at the time of or just before impregnation in 2 cases, in the 
second month of pregnancy once, in the third month twice, 
n the fourth month once, in the fifth month once, and in 
the sixth month twice. 

In 23 patients with lesions of a secondary type, no 


chancre could be demonstrated. It is here more difficult 
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to determine the date of infection, since it is not known 
if, and to what extent, the normal interval of 6 weeks be 
tween the primary and secondary periods has been dis 
torted. In four patients, however, the secondary lesions 
had existed for a month or more before the date of im 
pregnation. In four additional women, the dates of im 
pregnation and of infection seemed about to coincide. In 
7 patients, lesions appeared very late in pregnancy, on an 
average at the Sth month, and while no definite conclu 
sions are permissible, it is likely that infection occurred 
after gestation had begun. In the remaining instances, 
the date of infection with relation to the pregnancy could 
not be determined. 

It is important to note that the lesions of secondary 
syphilis were mild, as compared with those in non-preg 
nant females. Only 15 patients showed a generalized 
eruption, which was mild in 10, profuse in 5 instances. 
In 15 cases, the only lesions were 


moist papules or condylomata about the genitalia: in one 


One negress had iritis. 


instance, alopecia, and in another only papulo-erosive 
lesions of the mouth were present. The extent of the 
secondary outbreak bore no relation to the date of infee 
tion. Lesions were equally mild whether in‘ection had 
taken place before or after impregnation. This is con 
trary to the usual text-book statement *° that the lesions 
of early syphilis are more extensive and destructive dur 
ing pregnancy than at any other time. 

rom the standpoint of the treatment of their own dis 
ease, as contrasted with the results to be obtained for 
the fetus, pregnant women are an unsatisfactory group 
to manage. So few are treated after the termination of 
their first pregnancy that a discussion of the results is 
fruitless. The results of treatment from the standpoint 
of the children has been thoroughly covered by Williams 
of the Obstetrical Department of this Hospital,*? and need 
not be referred to here. 

In the majority of these cases, no disturbance of the 
normal time relations of primary and secondary syphilis 
could be noted. That a distortion of the usual time inter- 
vals may occur is, however, exemplified by the following 
cases :— 

CAsE I1:—Primary syphilis in ninth month of pregnancy. Set 

dary syphilis delayed for 9 months. Malignant secondary syph- 
ilis, recurrent. Infant, born healthy, developed a chancre on the 
lip at 20 months. 

\ white woman, aged 26, developed a chancre of the vulva in 


the ninth month of pregnancy. At this time her husband pre 


sented papulo-erosive recurrent secondary syphilides on the penis 
On admission, the chancre, in which treponemes were demon 
strated, had been present for two weeks and the blood Wasser 
mann reaction was positive. For reasons of her own, she was 
not treated at this time. The child was born normally and was a 
healthy baby. For 9 months following the appearance of the 
mother’s chancre, no secondary lesions developed, in spite of the 
fact that she took no treatment After this interval, however, she 
exploded with malignant rupial syphilis, consisting of large ulcer 


ative lesions with heaped-up crusts, the largest lesion being 8 cm. 
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in diameter. After 5 doses of arsphenamin all lesions healed 
She again disappeared from observation for one year, to 


rapidly. 
At this time she 


re-appear when the baby was 20 months old. 
presented a recurrence of the same type as the first rash, includ- 
ing a large ulcerated lesion on the left nipple. The child, which 
she was still nursing occasionally, had just developed a charac- 
teristic initial lesion on the lower lip. The normal time interval 
of six weeks between primary lesion and secondary outbreak was, 
therefore, replaced by a lapse of ten months, approximately the 
duration of lactation. The secondary lesions, when they did 
appear, were exceedingly malignant in type. 

Secondary syphilis and impregnation coincide, Ir- 
Ten and eighteen months later, respectively, 


Case IIL: 
regular treatment 
precocious tertiarism, 

An analogous case was that of a white woman, aged 29. Her 
last menstrual period had been in August, 1919. In September, 
1919, she developed a rash and a sore throat, which, together with 
a severe headache, persisted. On admission, January 21st, she 
was five months pregnant, and showed a generally distributed 
maculo-papular rash and mucous lesions of the mouth and geni- 
talia. Infection, therefore, probably occurred just before impreg- 
nation. Between January and May, 1920, she received 10 doses 
of arsphenamin at irregular intervals, resulting in the rapia dis- 
appearance of lesions and the reversal of the blood Wassermann 
to negative by the 9th dose. Between May and August, 1920, she 
took no treatment because of the birth of her baby, which was 
born healthy at term. On August 3rd, 1920, about 10 months after 
infection, she returned with periostitis and osteomyelitis of the 
right radius and the left tibia, confirmed by roentgenoscopic ex- 
amination. After 2 more injections of arsphenamin she once more 
disappeared, to return again 8 months later with a nodular syph- 
ilide of the chin and a gumma of the liver. Within the first one 
and one-half years of her infection, therefore, she had two clin- 
ical recurrences of a tertiary type and is to be regarded as an 
example of early allergy. 

There are 9 additional patients of this group who have 
been followed for two to six years with repeated physical 
and serologic examinations. Of these, one has developed 
aortitis five years after infection. The others show no 
physical evidence of progression of the infection, in spite 
of very inefficient treatment. Two have subsequently 
borne four and five syphilitic children, respectively, in 
spite of their freedom from manifestations of the dis- 
ease; one is Wassermann fast; and in another there have 
been frequent Wassermann recurrences. In four there 
have been no further physical, serologic, or obstetrical 
evidences of the disease. 

In 8 of 11 cases, therefore, the infection has remained 
in a state of latency; and in spite of utterly inefficient 
treatment, four patients are clinically and serologically 
well on an average five years after infection. 

Primipare: with Latent Syphilis —The patients with no 
obvious signs of syphilis may be divided into two main 
groups :—primipare in whom infection is presumably 
fairly recent, and multiparz who, because of the previous 
birth of syphilitic children, may be regarded as having 
had syphilis for some years. 

A review of the primiparous patients demonstrates that 
the infection is probably recent, because of the average 


age of the group, the histories obtained from several pa- 
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tients of only a few exposures, the development of 
typical neuro-recurrence in one member of the group, and 
the response of the Wassermann reaction to treatment, 
It is evident that, if this be admitted, the simultaneous 
occurrence of infection and impregnation may result jp 
a complete suppression of all early lesions of syphilis, 

In this series are 63 primipare, of whom 7 were white 
and 56 colored. The average age was 21 (white iverage 
“0, colored 21), and 67 per cent of the patients were 2] 
years old or less. Twenty-four primipare, or 38.2 per 
cent of the group, gave positive or doubtful histories 
of infection. 

In four patients there was a definite history of primary 
syphilis, which, in one instance, had been seen and diag. 
nosed five and one half years previously by another de. 
partment of this Hospital. Seven told a detailed story of 
secondary syphilis, and in three of these the lesions had 
been recognized 9, 10 months, and 5 years, respectively, 
before admission. In 13 additional cases, there was a 
doubtful history which in 9 instances antedated preg. 
nancy, and, in four, the suspicious lesions occurred during 
the first gestation. Thus, of the 24 patients with a posi- 
tive or doubtful history, syphilis probably antedated preg. 
In no case did the dates of infection and 
A history of treatment, 


nanevy in 19, 
impregnation seem to coincide. 
other than a little mercury by mouth, was usually lacking. 

In 39 cases, or 61.8 per cent of the primiparie, no history 
of syphilis could be obtained. Twenty-one of these 39 
women were single, and 14 had been married less than 
one year (7 within 6 months of admission). The average 
age of these symptomless patients was 19, two years less 
than the average for the whole group of primipare. One 
patient was only 15 years old, two were 16, six were 17, 
8 were 18, and 5 were 19 years of age on admission. These 
facts are presumptive evidence that their sexual lives had 
begun fairly recently. The general rarity of contraceptive 
measures in this level of society leads one to believe that 
only a few contacts probably eventuated in impregnation. 
Two colored girls, aged 16 and 17, admitted only one and 
two sexual contacts, respectively, in each instance with 
In a white woman of 21, there was but one 

TABLE III. 

Showing the Type of Syphilitic Manifestations in Pregnant 

Women as Related to the Probable Date of Infection. 

(See text for discussion) 


only one man. 


! 





be Infected during Preg’cy 
i 


ertain | 






Type of Syphilis 


Primary 3 —- —— 
Secondary early 33 | 4 | 6 | 15 

Latent-primipare | 63 | } 

History certain 11 10 - | 

History doubtful 13 9 — | 

History lacking 39 -| 39 | 
5) , 15 





~~ Total 98 23] 45 | - 
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intercourse, Which resulted in impregnation. If it be 


uimitted that the positive blood Wassefmann found in 
these patients indicates that they are actually latent syph 


ilities, it therefore not only possible, but highly prob 


able, that 
pregnancy in most of these 39 instances. The result was 


nfection occurred almost simultaneously with 


complete freedom from the lesions of primary and secon 
dary syphilis. 

The tabulation of the data from the physical and neu 
rologic examination of these patients affords only pre- 
sumptive evidence of syphilis, as in no instance were there 
definite lesions present. In 10 colored women were found 
pigmented scars on the body similar to those frequently 
seen in negroes, after secondary syphilis. In one instance, 
the sears were the definite remains of old annular lesions 
on the face. In 30 cases, or almost one-half, there was 
veneral glandular enlargement. Suspicious cardio-vaseu 
lar abnormalities were detected in 2, (increased retro 
sternal dullness once, unduly accentuated and ringing 
second aortic sound once); in 7 instances there were in- 
equalities, and irregularities, or a sluggish light reaction 
in the pupils, and in 7 additional cases pathologically in 


creased deep reflexes. 


If, as | have attempted to show, these primipare are 
actually recently infected with syphilis, the response of 
their blood Wassermanns to treatment ought to be sim 
ilar to the type of response in early syphilis uncompli- 
cated by pregnancy. In order to examine this question, 
composite Wassermann charts have been prepared by the 


>on 


following method :** The Wassermann results are given 


a numerical value, 4 corresponding to positive, 3 to sug- 
gestive positive, 2 to doubtful, 1 to suggestive negative 
and 0 to negative. The results before treatment and at 
the time of each injection of arsphenamin have then been 
recorded serially for each patient, a sample record being 
H4t?l. The serial 


columns, the columns added, and the total numerical 


results have been set down in 
value for each column divided by the number of cases in 
that column. <A chart is thus obtained which expresses 
the average values for a fairly large series of cases. Only 
the results of the first course (six injections) of arsphen- 
amin, representing a time period of from 6 to 9 weeks, 
have been utilized. The character and time intervals of 
later treatment are dependent on too many variable 
In Chart I the 
composite curve for the symptomless primipare is com 


factors to make the results comparable. 


pared with similar results from a series of 70 unselected 
cases of secondary syphilis in males and females, in which 
pregnancy was not a complicating factor. The average 
values for the pregnant women are throughout somewhat 
lower than for the unselected group, but in general the 
curves closely parallel each other. This is presumptive 
evidence that the duration of infection in each group may 
be said to be approximately the same. Confirmation of 
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CHART I. 

Showing the parallelism between the composite Wassermann 
curves (see text) of (1) symptomless syphilitic primipare and 
a series of unselected patients with early secondary syphilis; 
and (2)symptomless syphilitic multipare and a series of un- 
selected non-pregnant patients with Wassermann positive latent 
syphilis. Note also the different types of response of primi- 
pare and multipare. 


this hypothesis will be found in the discussion of the 
response to treatment of multipare, in whom the infec 
tion is of greater duration. 

Eighteen primipare have been followed with repeated 
examinations for a period of from two to six years. One 
patient died with tuberculous peritonitis four months 
after delivery. Nine are clinically and serologically well, 
in spite of generally insufficient treatment. In 7 in 
stances, 5 of which have occurred in Colles’ women whose 
histories and physical examinations on admission were 
negative, there is definite evidence of progression of the 
syphilitic infection. Four have developed aortitis; one 
has a positive spinal fluid, but no symptoms of central 
nervous system syphilis; 
the liver. 
history is briefly as follows: 


one has a probable syphilis of 
The 7th patient is of particular interest. Her 


Case III:—Impregnation from a single contact. No history or 
physical evidence of primary or secondary syphilis. Wassermann 
positive. Treatment with arsphenamin; lapse; neuro-recurrence 


left N. viii; positive cerebrospinal fluid. 
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4 white girl, aged 21, unmarried, was admitted to the clinic 


{ months pregnant on September 7, 1921 She denied syphilis 
ind admitted only one sexual contact. Physical examination was 
completely negative. She received 6 doses of arsphenamin of 0.3 
rm. each during the ensuing 2 months, the blood Wassermann 
emaining persistently positive. The pregnancy terminated by an 


ibortion after the second injection. Following the first course of 


iuvsphenamin, the patient lapsed in treatment for 5 weeks. When 
she returned on December 12, 1921, a spinal puncture revealed 12 

lls, globulin one plus, Wassermann positive with 1 c.c. of 
fluid, and negative colloidal gold and mastic curves sefore the 


puncture she had been completels vymptomless Immediately 


after, however, she was seized with a severe puncture headache 


lasting for two weeks and characteristically relieved by lying 


lown There then appeared a constant headache of different 
character, Which was much worse at night At ihe same time she 
developed marked vertigo and about 10 days later became deaf in 


her left ear. Otologic examination showed an inner ear deafness 


on the left with involvement of both vestibular and cochlear 
branches. In other words, there developed a typical neuro 
recurrence which was predicted by the results of her spinal fluid 


examination 


This type of neurosyphilis occurs only in patients with 


early syphilis who have lapsed following insufficient 
treatment, so that this case offers almost certain proof of 
a recent infection, the primary and secondary lesions of 
which were completely suppressed. 


The question as to whether or not these pregnant 
women, routinely discovered to have positive blood Was 
sermann tests, are themselves syphilitic can be approached 
from the joint angles of history, physical examination, and 
subsequent course, Of the 63 primiparwe, the history or 
physical evidence or both were suggestive of syphilis in 
{6; while in 17 both were negative at the time of the first 
examination. In 7 of these 17 patients, however, the sub- 
sequent course made the diagnosis of syphilis certain 
(aortitis three times, positive spinal fluid once, neuro- 
recurrence once, Wassermann fastness twice). In only 
10 instances, 15 per cent, were all signs of infection (ex 
cept a positive blood Wassermann) lacking. More ex 
haustive or prolonged study would probably provide ad- 
ditional evidence in these individuals. 


Vultipare with Latent Syphilis.—In the multipare, the 
anamnestic and physical evidence and the response of 
the blood Wassermann reaction to treatment lends weight 
to the opinion that all these mothers of syphilitie chil- 
dren are themselves probably syphilitic. In half the 
cases, there were no physical manifestations of the dis- 
ease, in spite of the fact that the infection dated back 
from one to thirteen or more years; and in only eight 
patients (10 per cent) were outspoken lesions present. 
This group includes an additional patient whose course 
illustrates the distortion of the normal time relations of 
syphilis, with the early appearance of tertiarism. 


There were SO multiparous pregnant women referred be 
cause of a positive blood Wassermann. Of these 9 were 
- 


white and 71 colored. The average age was 25, four years 
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greater than in the primiparous group; 85 per cent of 
these women were over 21. 

These women, together with 20 non-pregnant mothers 
of syphilitic infants (to be discusse:l presently ) had had 
319 previous pregnancies, the results of which are summed 
up in Table LV. 


made, since many adequate similar studies are on record? 


Only brief mention of this point need be 


Forty-one per cent of the pregnancies resulted in mis 


TABLE IV. 


Results of Pregnancies Occurring Before Admission or 


Treatment in 100 Syphilitic Women 


0 Sypl Outcome Unknowr 
Died in Died in , Living 
. Miscar Ss ifancy Living infancy; <7 and 
— ut not e 
- ages bi f syphilitsc cause un well 
= xamine 
— & ypt s certain 
100/319 104 27 29 35 29 78 li 


(32.6%) (8.4%) (9.0%) (10.9%) (9.0%) (24.4%) (93%) 


31 64 95 
(41.0%) (20.0%) (39.7%) 
195 
(61.1%) 
(70.2%) 


carriages or still-births, and 20.0 per cent in the birth of 
living syphilitic infants, almost half of which died during 
early infancy. It may be said with practical certainty 
that 61.1 per cent of all these pregnancies resulted in 
syphilitic children. In addition, there is an unknow 
incidence of syphilis represented in the 9 per cent of in 
fantile deaths for which no definite cause could be 
assigned by the mothers, and in the 24.4 per cent of chil 
dren who were living but not examined for syphilis. Only 
5.3 per cent of the total pregnancies were detinitely known 
to have produced normal children free from syphilis. 

A positive or suggestive history of syphilis was obtained 
in 28 mothers, or 35 per cent. Four women had a definite 
history of a primary lesion; 14 gave convincing details 
outbreak; and in 5 cases there 
In 5 additional 


regarding a secondary 
had been various tertiary manifestations. 
cases, the history was doubtful, but might be construed as 
» 


syphilitic. In the remaining 52 instances, or 65 per cent 


no history whatever could be obtained. 

There are available very few positive data regarding 
In three instances, the disease was 
In two, 


the date of infection. 
contracted before any pregnancies had occurred. 
infection took place late in pregnancy. In the remaining 
cases With a positive history infection had probably take 
place before any pregnancies or in the intervals betweel 
them. In the patients with a negative history, the dur 
ation of the disease, based on the length of time since the 
earliest syphilitic birth, ranged from one to thirteen years 

The physical examinations of this group showed definite 


or suggestive signs of syphilis in 16 instances, or 20 per 
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ent. Ins, there were definite manifestations of tertiary 
syphilis consisting of bone lesions twice, ocular lesions 


leukoplakia buccalis once, aortitis once, stricture of 


rwice, 
‘he rectum once, and gummatous adenitis once. In 24 
of the 80 cases, there was well marked general glandular 


enlargement. There was in 5 patients some widening of 


the aortic arch, more than was consistent with the pa- 


‘ient’s age. Definite pupillary abnormalities were pres 
ent in 9, ima inequalities or sluggishness of the deep 


In the remaining 42, physical exam- 
A study of the inter- 


reflexes in 8 patients. 
tation Was completely negative. 
relation of history and suggestive physical evidence shows, 
s might be expected, no correspondence. Sixteen patients 
positive or doubtful history showed one or 
iore of the physical abnormalities enumerated. In 11, 
physical examination was completely negative in spite 
if a suggestive history. Of the 52 cases in which a his- 
torv was absent, physical changes were present in 23 and 
bsent in 29. In 51 patients, or 63 per cent, therefore, 
syphilis was suggested by the anamnestic or physical 
vidence or both. 

Treatment in these patients, as in the other groups, so 
ar as the results in the mother could be judged, was 
tterly inefficient. In order to examine further the 
thesis that in this group, as contrasted with the primi 
pare, syphilis had existed for some years, a composite 
Wassermann chart for the first course of arsphenamin has 
been constructed. The comparison of this curve with the 
curve for primipare (Chart 1) shows that the type of 
response is quite different. After the first injection of 
the drug a “provocative” curve is present in the multi 
parous, absent in the primiparous group; and the reaction 
n multipare is reduced toward negative much more 
slowly. In order further to illustrate this point, the 
composite Wassermann curve for multipare has been 
compared with that of an equal number of non-pregnant 
jaitients with Wassermann positive latent syphilis. The 
parallelism between these two curves, shown in Chart I, 
s quite striking. 

Thirteen patients have been followed for a period of 


rom 2 to 6 vears. Of these, 9 have shown no signs of 


progression of their syphilis, whereas, in 4, repeated exam 


tations gave evidence of progression either in the ner- 
ous system or in the cardio-vascular apparatus. Two 
ditional patients are Wassermann fast. 
In this group there is one patient whose history is 
halogous to those prey iously detailed. 
CASE I1V:—Primary lesion at 5th month of first pregnancy: 
ondary outbreak delayed for 12 months; epileptiform attacks 
eurosyphilis) two years after infection. 
Two years before admission, a white woman, aged 23, when in 


he fifth month of her first pregnancy, had a genital sore about 


- (mM. in diameter, the characteristics of which were those of an 


nitial lesion 


This sore persisted for eight months, or until four 


months after the birth of the child, which died at 6 weeks of 


No secondary symptoms appeared until 8 


months after the termination of pregnancy, when she developed a 
generalized macular rash, marked alopecia and _ sore throat 
These symptonis persisted for about 3 weeks and then disappeared 
spontaneously. Just before her admission more than a year later 
she had a series of convulsions lasting practically all of one night 
Physical examination at this time showed nothing except in 
creased and unequal! reflexes Both the blood Wassermann ré 
action and examination of the spinal fluid gave positive results 
It was later discovered that at the time of admission she was 
about one month pregnant for the second time 

Aside from this one instance, there were no striking 
deviations from the usual course of syphilis. 
Vothers of Children.—tThe 

, Oo» 


fourth group is represented by 22 non-pregnant patients 


Von-pregnant Nyphilitic 
referred because of the recent or remote birth of a syph 
ilitic child. In this group, there were 6 white and 16 
colored women, 12 of whom were referred because of the 
discovery of syphilis in the placenta or fetus of a recent 
pregnancy, the remaining 10 because of their parentage of 
a syphilitic child ranging in age from 2 to 18 years. In 5 
the child was more than 10 years old, so that, if the moth 
ers may be presumed to have had syphilis, the disease was 


‘rom these 22 women, a his 


of considerable duration, 
tory of primary syphilis was obtained once, of secondary 
svphilis twice, of a tertiary bone lesion once, and a doubt 
ful history once, leaving 17 cases in which there was ab 
solutely no history of the disease. The physical examin 
ations of all except one were quite negative for gross 
signs of syphilis. There was general glandular enlarge 
ment in 6 cases. No evidence of cardio-vascular damage 
was found in any patient, though in 3 there were pupillary 
or reflex changes. 

CASE V: 


fabetic; history of syphilis absent 


Mother of two ivenile paretic children s herself 


An interesting member of this group was a white woman, aged 
48, who was referred because of the fact that her two eldest chil 
voungest, aged 11 


dren, aged 18 and 16, had juvenile paresis, the 


had congenital syphilis, while the third child, aged 13, was com 


pletely normal. Although this woman gave absolutely no history 


of syphilis, examination showed her to be typically tabetic and her 
blood and spinal fluid examinations were positive. 
Case VI: 


history, physical and neurolog era mation, and repeated blood 


Mother of a 99-year-old congenitally syphilitic girl 
Wassermanns negative; cerebrospinal wid paretic in type. 
Another patient, a white woman aged 37, whose husband was 


ar-old daughter had congen 


ubetic, Was examined because her 9-) 
ital syphilis. Her history, physical examination, and repeated 


blood Wassermanns were completely negative. She was about to 


be discharged either as a typical example of Colles’ law, or as a 
spontaneous cure of latent syphilis, but a spinal puncture was 
fortunately performed. This revealed 104 cells, globulin four plus, 
Wassermann reaction positive with 0.1 c.c. of fluid, and pareti 
gold and mastic curves. 

In striking contrast to these two patients are three 
women with svphilitie children aged 12, 16, and 17, 
respectively. In all of them, history, physical examina 
tion. ice-box Wassermann reactions, and spinal fluids 
were completely negative. This seems to demonstrate that 
a spontaneous cure of the disease is one of the possible 


results of the influence of pregnancy. 
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The Wassermann Reaction in Preqnant Women.—Atten- 
tion has been drawn by a number of investigators, in 
particular Williams *' and Menten,** to the fact that the 
blood Wassermann reaction in pregnant women is unre 
liable and that for diagnostic purposes it must be studied 
in connection with the findings in the placenta and fetus. 
Both of these observers lay stress on the fact that a posi 
tive Wassermann during pregnancy may spontaneously 
change to negative at the termination of gestation; others 
mention the occasional occurrence of a false positive re 
action during the pregnant state. 

\ study of the pregnant women reported in this paper 
leads me to believe that the unreliability of the Wasser- 
mann reaction in pregnancy consists in much more than 
the occasional spontaneous change of a positive test to 


Among the group of 52 women 


negative after delivery. 
with secondary syphilis, 3 had negative Wassermann re 
actions on admission, in spite of the presence of outspoken 
lesions of a secondary type. Among the 63° primipare, 
there were 7 instances in which the Wassermann reactions 
vacillated markedly from day to day, whereas similar 
phenomena were observed in 18 of the multiparous pa- 
tients and in 3 of the women referred because of the 
history of a syphilitie child, making a total of 35 cases of 
“00 in which anomalous Wassermann results were ob 
served. The change from positive to negative after de- 
livery is not, in my experience, in any way characteristic, 
the reverse phenomenon of a negative Wassermann 
throughout pregnancy changing to positive shortly after 
the delivery of a syphilitie child having occurred in this 
series 5 times. In a number of other patients, the degree 
of fixation of the Wassermann reaction during pregnancy 
itself has been subject to striking variations. The results 
in 3 typical cases are shown in Table V. None of these 


women were treated during the period shown in the table. 


TABLE V. 
Illustrating the Vacillation of the Blood Wassermann 
in Pregnant Women 


Wassermanns ——- - 
Vater-bath I box pregnancy 
Case Date at time Treatment 
( st Cho Plain of Bret 
n i nized »holi _— 
Ll- 9-21 2 t } 
12- 6-21 t t i 
F297 12- 8-21 ) 3 2 t mos. none 
12-10-21 } 4 } 
12-23-2 0 - _ 
9-15-21 2 t } 
Qo.” -? » 
F328 9-28-21 ° : 7 8S mos. none 
10-11-21 l } 
10-15-21 i + } 
5-28-21 t } t 
§-16-2 ( _—— 
F312 S-16-31 , 6 mos. none 
f- 8-21 0 4 l 
7-20-21 4 + 4 
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In two instances, an explanation of this condition had 
apparently been discovered in an excess of native ambo. 
ceptor in the blood of these women during pregnancy,”* the 
excess disappearing within a short time after delivery. 
Laboratory investigations covering this point are at pres 
ent being undertaken. 

In discussing the reliability of the Wassermann during 
the pregnant state, mention should always be made of the 
technique employed. In the laboratory of this clini¢. 
routine tests for diagnosis have been carried out by a 
test of only moderate delicacy and by water-bath fixg 
tion only.“?) In a number of cases falling into this genera] 
group, it has been noted that the ice-box Wassermann may 
be strongly positive when the water-bath test is negative 

The Cerebrospinal Fluid in Pregnant Syphilitic Women, 

-This question has been dealt with in a separate com 
munication ** and will not be entered into in detail at the 
present time. It was shown that, although invasion of the 
central nervous system takes place with equal frequency 
in the early stages of syphilis in males and in non-preg 
nant females, clinical neurosyphilis is, nevertheless, three 
times more frequent in men than in women. It was also 
shown that the incidence of abnormal spinal fluids in 
women with late syphilis was twice as high in a group of 
sterile women as in a similar group in which one or more 
pregnancies had occurred since infection. These findings 
and the negative evidence offered by the careful examin- 
ation of the women in the present series indicate that not 
only may syphilis suppress the primary and secondary 
manifestations of the disease, but that the protection thus 
conferred, whatever its nature, nay last over a long per 
iod of time and possibly for life. The majority of women 
who acquire syphilis simultaneously with the occurrence 
of pregnancy are, therefore, singularly free from the 


remote grave manifestations of the disease. 
DISCUSSION 


The observations of the pre-Wassermann era concerning 
the course of syphilis in pregnancy are in many respects 
lacking in scientific accuracy. Since 1905, the literature 
is largely concerned with the applicability of the Wasser 
mann test to the validity of Colles’ law, and the course 
of the infection in the pregnant woman has been more 
or less overlooked in favor of arguments for and against 
In 1876, how 


Hutchinson ~ 


her status as syphilitic or non-syphilitie. 


ever,—forty-six years ago—Jorathan 
reached the conclusion that all mothers of syphilitic chil 
dren were themselves syphilitic and described the sup 
pression of the symptoms of syphilis by pregnancy, and 
the distortion of the usual time relations of the disease, 
in much the same terms as those employed in the present 
study. The evidence now presented merely amplifies and 
lends weight to Hutchinson’s conclusions and provides 


laboratory data inaccessible to him. 





pr 
of 
chi 


ho 


dO~ 
dS) 


had 
ibo- 
the 
ary, 


res 


ing 


ure 


ser 


ore 
nsi 


OW 


hil 
up 


ind 


ent 
wd 


des 





Maren, 1923] JOHNS HOPKINS HOSPITAL BULLETIN 97 


son, and most of those who have followed him, 
the unusual phenomena of syphilis in pregnancy 
to the unusual mode of infection of the mother, 


Hutch 
regarde: 
to be dus 
that is, by blood stream infection from the fetus. The 
work of Trinchese has shown that this mode of infection 
is probably not possible; the animal experiments of 
Brown and Pearce and the clinical evidence afforded by 
the present study show that, even were paternal trans- 
mission possible, it would be unnecessary to employ it as 
an explanation for the silent course of maternal syphilis. 
The factor of pregnancy supplies some substance which is 
ysually able to suppress the manifestations of the disease 
even When inoculation occurs by the usual route. 

It is at present idle to speculate on the nature of this 
mechanism since no precise information is available. It 
ix of course known that during the period of gestation, 
women are in general more resistant to chronic infec- 
tions than at any other time; but in no disease other than 
syphilis does this protection extend over a period of years. 
It would be of great interest to have exact data concerning 
the behavior in pregnancy of other protozoan diseases 
closely allied to syphilis, such as frambeesia and trypano- 
somiasis. Unfortunately, a fairly careful search of the 
literature yields no adequate information on this point. 

Various hypotheses have been advanced to explain the 
protection atferded by pregnancy in syphilis. It may be 
that chemical alterations in the blood and tissues of 
pregnant women play some réle. One outstanding alter 
ation of the blood chemistry in pregnancy is a marked 
increase in the cholesterol content. This substance is 
not at all treponemicidal in vitro, it will not produce a 
positive Wassermann, and, in the blood at least, its nor- 
mal content is unchanged in syphilis. The possible rela- 
tionshiy: of other chemical changes to syphilis is not at 
all clear. 

Routh *° has suggested that chorionic ferments cast into 
the maternal circulation may be the factor which sup- 
presses the lesions of syphilis. This point, while inter- 
esting, has as yet received no scientific proof. The very 
existence of such ferments has not as yet been definitely 
confirmed. 

The third striking difference between pregnant and non- 
pregnant women consists of definite changes in certain 
of the endocrine glands. The possibility that these 
changes might suppress the lesions of any infection is, 
however, remote. 

The whole question of syphilis in relation to pregnancy 
demands careful restudy. The first step is the demon 
stration, if possible, that these Colles’ women are actual 
carriers of Treponema pallidum. When this has been 
definitely proved, it will then be possible for the clinician, 
the chemist, the serologist, and the pathologist to attack 
together the larger question of the reason for the unusual 


latency of the infection. 


SUMMARY AND CONCLUSIONS 


1. A critical study of the clinical and experimental evi 
dence in the literature shows that in all probability 
neither Colles’ law nor the theory of the paternal trans 
mission of syphilis directly to the fetus are valid. 

2. The clinieal data supplied by this study of 178 preg 
nant women with positive blood Wassermann reactions 
and 22 non-pregnant mothers of syphilitic children sup- 
ports this belief. 

3. Forty-four of these women, or 22 per cent, had 
outspoken lesions of early or late syphilis at the time of 
admission. Of the remainder, syphilis was proved or 
strongly suggested by the history, physical examination, 
response to treatment, or subsequent course, or a combin 


ation of these factors, in 72 


per cent. In only 21.5 per 
cent of the total 200 cases, therefore, were all evidences of 
syphilis (except a positive blood Wassermann) lacking. 

1. This study also demonstrates that the factor of preg 

nancy may cause striking deviations from the usual 
course of syphilitic infection. If impregnation and in 
fection approximately coincide, or if infection occurs 
during the course of pregnancy, the patient may develop 
the usual early manifestations of syphilis which are, how 
ever, much milder than if she is infected independently of 
pregnancy. Of those pregnant patients in whom the 
probable date of infection could be compared with the 
type of lesions present, approximately one-half behaved 
toward infection in this manner. 
5. A slightly larger proportion of women, if infected 
with syphilis at about the time of impregnation, fail to 
develop any of the usual early lesions of syphilis. Under 
these circumstances, it is fair to assume that pregnancy 
is the factor which suppresses the lesions of the disease. 

6. Ina few patients (in this series, three of 200 women), 
the response to infection acquired at the beginning of or 
during pregnancy is markedly altered. The usual time 
relations between primary and secondary syphilis are 
much prolonged; on the other hand, the interval between 
early syphilis and tertiarism may be much shortened, and 
grave lesions of a tertiary type may appear early in 
the course of the disease. 

7. The protection against the early lesions of syphilis 
alforded by pregnancy may persist over a long period of 
years, and possibly for a lifetime. Spontaneous cure of 
syphilis seems in a few instances to have been the ulti 
mate result. In those women of this series who developed 
late syphilis, the viscera, and particularly the cardio- 
vascular apparatus, were especially prone to involvement ; 
whereas tertiary lesions of the skin or bones and neuro 
syphilis, either clinical or asymptomatic, were rare. 

8. It is shown that in 33 of these 200 patients, the blood 
Wassermann reaction gave anomalous results. In 10 per 
cent of the pregnant women with secondary syphilis, the 
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reaction was negative. In the women with latent syph 
ilis, it was prone to vacillate markedly without treatment ; 
and in a number of cases, a negative or positive reaction 
during pregnancy spontaneously changed ro the reverse 
after delivery. The possible factors responsible for this 
condition are briefly considered. 

9. The nature of the mechanism by whieh pregnancy 


causes these alterations in the course of syphilitic infee 


tion is unknown. Various possibilities are mentioned. 
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SPINAL ARACHNOID GRANULATIONS WITH ESPECIAL REFERENCE 
TO THE CEREBROSPINAL FLUID 


By Rosnerr ELMAN 


(From the Anatomical Laboratory of The Johns Hopkins 
University) 


In our modern conception of the circulation of the cere- 
brospinal fluid, the part played by the spinal nerve roots 
has never been conclusively defined. Anatomically, the 
arachnoid membrane has been generally accepted as being 
extended for a short distance along the emerging nerves 
and being reflected as the pia mater, thus forming a sort 
of cul-de-sac around the roots. But this cul-de-sac has 
not apparently been considered an anatomically or phys- 
ologically closed pocket, for cerebrospinal fluid has been 
supposed to escape at this point into the spaces surround 
ing the segmental nerves and be absorbed eventually by 
the lymphatics. The space lying between the nerve fas 
ciculus and its fibrous sheath has been called most fre 
quently the perineural space and has been assumed, thus, 
by many, to have a direct communication with the sub 
arachnoid cavity and to act as a channel for part, at least, 
of the physiological drainage of the spinal fluid. 

The existence of such a connection between the menin 
geal spaces of the cord and the peripheral nerves, if defi 
nitely proven, may also have a clinical interest. The 
transmission of the virus or toxin to the cord following 
peripheral infections, notably tetanus, may take place 
along such a pathway. On the other hand in various men- 
ingeal infections the escape of the virus from the cord into 
the nerves outside may occur by way of this channel. 

In considering the possibility of such a fluid pathway, 
the importance of the study of the cord at the emergence 
of the spinal nerve roots must be apparent. Nevertheless, 
review * of the available literature reveals but few direct 
anatomical or physiological observations bearing on this 
problem. The studies have been made, in the main, on the 
peripheral nerves following the injection or introduction 
of a variety of materials into the subarachnoid space of 
animals and cadavers. 

Perhaps the earliest observation of this kind was re 
corded in 1770 by Cotugno,? whom Garrison credits with 
the discovery of the cerebrospinal fluid. Cotugno injected 
mercury into the lumbar subarachnoid space of cadavers 


\ stimulating review of the literature on the cerebrospinal 
fluid was given in 1914 by Cushing.’ 


and demonstrated the liquid metal in the sciatic nerve. 
The nature of his material is open to adverse criticism ; 
his procedure might, moreover, easily have ruptured the 
delicate arachnoid membrane. 

In 1876 the classic work of the two Swedish anatomists, 
Key and Retzius,‘ appeared. Their large two-volume work 
on the central nervous system has been considered the 
basis of our modern conceptions of the course of the cere 
brospinal fluid. Following subarachnoid injections of 
gelatin solutions containing Berlin blue, they found the 
blue color to extend outward along the spinal nerves for a 
considerable distance from the cord. They concluded, 
therefore, that definite pathways existed by which cere- 
brospinal fluid escaped from the cord into the substance of 
the nerves as well as into their perineural spaces. Upon 
critical examination of their evidence it appears, however, 
that such a conclusion is untenable, for their injections 
were made under excessive pressures (about 60 mm. Hg.), 
which certainly could have forced the gelatin into the 
peripheral nerves by mechanically entering the potential 
tissue spaces rather than passively following previously 
existing anatomical channels. The degree of pressure 
they used is evidenced in a sagittal section of the skull of 
one of their specimens. The cisterna cerebello-medullaris 
is markedly distended with the blue gelatin; the cere 
bellum is pushed upward and compressed, and the tentor- 
ium cerebelli is so deflected upward as to form an acute 
angle with the parietal cranium, compressing the occi 
pital lobes before it. 

Appearing before this work of Key and Retzius, but of 
a rather different nature, were the observations of 
Quincke ® in 1872. 
injections of cinnabar, repeated in the living animal over 


During the course of subarachnoid 


several days, the spinal nerve roots were found to be al 
ways colored red. This extension was thought to indi 
cate the existence of a pathway of absorption at this point. 
Quincke showed, however, that in this type of injection an 
intense inflammatory reaction was produced with the 
resulting phagocytosis of the irritating granules of mer 
curie sulphide. Such reactions under the influence of 
particulate matter have been studied recently by Essick,* 
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who found that the inesothelial cells lining the subarach- 
noid space formed active macrophages under these cir 
cumstances. The migration, therefore, of such granule- 
laden cells from the subarachnoid space can hardly be 
taken as evidence that any pathway for the escape of 
fluid exists normally. 


In a similar way, in more recent years, Goldmann ° in- 
jected solutions of trypan blue into the subarachnoid 
space and found the blue color in the spinal nerves at var 
ious distances from the cord. Like the cinnabar suspen- 
sions of Quincke, trypan blue produced an immediate, 
severe, toxic, and later inflammatory reaction, of which, 
indeed, the animals frequently died. Sueh a circumstance 
certainly renders less certain these observations as proof 
of the extension of the subarachnoid space into the peri- 
pheral nerves. 

Flexner and Amoss * during the course of their studies 
on poliomyelitis injected a carmin granule suspension into 
the ventricles of monkeys and examined the animals after 
24 hours. They found that the spinal nerve roots were al- 
ways, and the posterior ganglia occasionally, colored red. 
Carmin granules, however, dissolve very readily, and it is 
very likely that instead of having traveled along existing 
channels as a granular suspension, the carmin had merely 
invaded the nerve roots as a soluble vital dye. No histo- 
logical observations were reported. 

The only direct study of the region at the emergence of 
the roots was made in 1904 by Sicard and Cestan.’? They 
introduced India ink into the spinal subarachnoid space of 
animals, and examined the spinal nerve roots microscop- 
ically after eight to nine days. In this time, however, suf- 
ficient phagocytosis might have occurred to invalidate any 
definite conclusions in regard to the existence of channels 
connecting the subarachnoid space with the peripheral 
nerves. Nevertheless, even with this circumstance, they 
observed no passage of the black granules beyond the 
arachnoid membrane. Moreover, in cadavers, using strong 
syringe pressure, they could not observe any extension into 
the nerves following the injection of India ink into the 
lumbar space. 

In spite of these observations, Cathelin,’ in his mono- 
graph on the cerebrospinal fluid (1912) rather sweepingly 
ignores most of this evidence and graphically describes 
the cerebrospinal fluid as passing out along all the peri- 
pheral nerves to be absorbed by the lymphatics. He 
states, in fact, that “the peripheral nerves are bathed to 
their very termination by the same fluid as covers the 
central nervous system.” 

Similarly, one finds quite recently the statement by a 
German author, Weigelidt,’’ who considers the spinal por- 
tion of the subarachnoid space as absorbing the greatest 
part of the cerebrospinal fluid, that “at the emerging 
nerve roots one finds in all probability the most impor- 
tant point for the absorption of fluid.” 
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One is left, therefore, with a mass of conflicting data, 
which, critically judged, certainly leaves one quite un- 
convinced that any communication between the subarach 
noid space and the segmental nerves really exists. The 
problem becomes, briefly stated, an anatomical and plysi- 
ological study of the spinal cord at the emergence of the 
roots: to determine the relations existing between the 
arachnoid membrane and the nerve roots, and between the 
subarachnoid space and the perineural space; and. to 
determine whether any cerebrospinal fluid is absorbed at 
this point, and, if so, what pathway it follows. 


Metriops 


Of the various injection materials available, only a few 
have been used. In general, it was felt that for anatom- 
ical purposes a granular suspension Was most suitable, 
while on the other hand, for physiological studies of the 
pathways of fluid absorption, the use of a true solution 
was to be desired. As indicated below, different methods 
of injection in different animals were used. The experi 
ments performed may be grouped as follows: 

1. Embryo pigs from 90 to 200 mm. in crown-rump 
length were injected with India ink through the left lat 
eral ventricle under moderate and under strong syringe- 
pressure until the black ink was observed coming from the 
end of the lower spinal cord, cut across by severing the 
tail close to its base. The brain and spinal cord were then 
dissected out and India ink verified as passing from the 
ventricles to the subarachnoid space, and the presence of 
the ink particularly noted around the emerging roots. No 
microscopic studies of the material were made. 

2. Two adult dogs were used. In one, 6 cc. of India ink 
were introduced into the cisterna cerebello-medullaris by 
occipito-atlantoid puncture, after an equal quantity of 
cerebrospinal fluid had been removed; the animal was 
killed immediately afterward. The other was killed with 
ether directly, no injection being made. The animals were 
then fixed by the injection of 10 per cent formalin through 
the aorta and the cord was dissected out. Blocks of the 
cord at the emergence of the roots were chosen and de 
hydrated in graded alcohols, starting at 50 per cent, with 
10 per cent changes every 24 hours. After being embedded 
in celloidin, serial sections were cut, and were stained 
with aqueous carmalum solution. 


3. Several dogs were used in this series. Cerebrospinal 
fluid (6 to 8 ce.), obtained from the cisterna cerebello-me 
dullaris by occipito-atlantoid puncture, was replaced by 
an equal or smaller amount of a 1 per cent solution of 
equal parts of ammonium iron citrate and potassium fer- 
rocyanide warmed to body temperature, the technique 
developed by Weed '® being in general employed. The 
foreign solution thus introduced was later precipitated 
in situ by the addition of 1 per cent hydrochloric acid te 


the formalin injecting fixative. 
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The animals were anaesthetized with ether during these 
experiments. One animal was allowed to emerge from 
the anaesthetic for a short time to observe possible toxic 
effects. In this instance, aside from muscle twitchings 
and salivation, probably to be accounted for by the ether- 
ization, the animal showed no serious nervous symptoms. 
He walked normally, and, aside from moderate lethargy 
and stuper, showed no evidence of paralysis or other in 
dications of disability. 

The animals were killed at various periods from 15 
minutes to one hour after the replacement, exsanguinated 
arterially and fixed by the injection of acidified formalin 
through the aorta, thus precipitating in situ the foreign 
solution, Wherever it had made its way, as granules of 
Prussian blue. Serial sections were then prepared as de- 
scribed above. 

It was early noted, when the time interval between 
replacement and final fixation exceeded one hour, that 
most of the blue color had disappeared and the presence 
of the dye could be demonstrated by the addition of acid 
only in the urine and saliva. Animals for microscopic 
study, therefore, were chosen from those in which the 
foreign solution had been allowed to remain only about 30 
minutes, or in which replacement had been repeated 30 
minutes before fixation. 

1, Tissues from dogs prepared by Dr. L. H. Weed were 
used. These animals had received intravenous injections 
of hypertonic saline and the foreign ferrocyanide solution 
introduced under conditions of apparently increased ab- 
sorption of cerebrospinal fluid. It was hoped, thus, to find 
a more striking demonstration of pathways of absorption 
from the cord, should they exist. 

5. Cats which had received repeated injections of trypan 
blue intraspinally were also used. As the cells lining the 
subarachnoid cavity exhibit phagocytic activity (Essick), 
it was hoped to use this material to demonstrate, perhaps, 
the arrangement of the arachnoid cells at the emergence 
of the roots. All of this tissue on section, however, showed 
intense inflammatory reaction with an abundance of poly- 
morphonuclear leucocytes especially in the pia mater, 
and was, therefore, not suitable for use in the present 
study. 


EXPERIMENTAL FINDINGS AND DISCUSSION 


From a study of the foregoing material it becomes pos 
sible to form a more definite conception of the region of 
the cord at the emergence of the spinal nerve roots. In 
drawing such a picture, however, it was found more advis- 
ible to gather together the experimental observations in 
(different groups, depending on their application to the 
(different anatomical and physiological problems discussed. 
A division under separate headings had been made, there- 
fore, as indicated below. 

The perineural space—In all sections of the normal 
uninjected cord, as well as in all other tissue prepared by 


the usual histological methods, a distinct space was pres- 
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ent about the nerve roots beyond their emergence from the 
cord, immediately beneath their fibrous sheath (Figs. 1 
and 2). This was true for both the anterior and posterior 
divisions, except that around the spinal ganglia this space 
was absent, the sheath investing it tightly. 





nr a 

— Mg © 

Fig. 1.—Outline drawing showing cross-section of the spinal 

cord of a dog, in which the subarachnoid space was injected, 

during life, with India ink. Fig. 8 shows a photomicrograph 
of the blocked-out area at higher power. (x 10.) 





Fig. 2.—Outline drawing from cross-section of the cord in a 
dog, in which the Prussian blue reagents were introduced into 
the subarachnoid cavity replacing an equal quantity of cerebro- 
spinal fluid, 30 minutes before death. The precipitated gran- 
ules are shown extending outward from the subarachnoid angle 
(sn). The perineural space (pn) is shown surrounding each 
nerve root. Higher power photomicrographs of the subarachnoid 


angle are shown in Figs. 4 and 5. (x10.) 


The size of this space was nearly uniform in its extent 
and was followed peripherally to the limits of the micro 
scopic sections, a short distance beyond the posterior 
ganglia. Moreover, this space was limited on the one side 


by the smooth inner surface of the fibrous sheath and on 
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Thus, at no 
Though 


the other by the uncovered nerve fibers. 
point could any cellular lining be demonstrated. 
occasional loose strands of fibrous tissue were seen, no 
true trabeculze were ever observed to cross this space. In 
no respect, therefore, did this space bear any histological 
resemblance to the mesothelial-lined subarachnoid cavity 
With its cell-covered trabecule. 

Though this perineural space has been repeatedly ob- 
served, its existence in the living organism may be ser 
iously questioned. Thus, one block of our series was de 
hvdrated gradually and quickly over the course of 24 hours 
by immersion in an agitated solution of alcohol changed 
gradually from 50 per cent to absolute, with the use of an 
H. Heuser of the Carnegie 

This 


showed no such space about the nerve roots, the fibrous 


apparatus devised by Dr. ©. 


Institution of Embryology. tissue, on section, 


sheath investing it tightly at all points (Fig. 3). 





Fig. 3.—Outline drawing of a cross-section of the cord from 
a dog, in which the foreign solution was introduced following 


an intravenous injection of hypertonic saline solution. A large 
vein (X) shows an abundance of the Prussian blue granules 
within its lumen. This tissue was dehydrated gradually in 24 
hours, and shows no perineural space around the nerve roots. 
Compare with Figs. 1 and 2, where a definite space is seen 
surrounding each nerve fasciculus, following the ordinary meth- 


ods of dehydration. (x 10.) 


Whether this indicates that we are dealing 
merely with a tissue space, made apparent in the histo- 


finding 


logical sections by the relatively unequal shrinking of the 
nervous and fibrous elements during the long dehydration 
and therefore an artifact, or whether it is truly an ana 
tomical structure present in the living organism, cannot, 
us yet, be definitely said. More extended comparisons be- 
tween the two methods of dehydration must be made. 

The Spinal Subarachnoid Angle.—One finds in follow 
ing the serial sections of both the injected and uninjected 
spinal cords that the arachnoid membrane bears a con 
stant relation to the emerging roots. It does not really 
form a definite cul-de-sac, nor is it carried out with the 
emerging roots more than a millimeter or two, in the dog. 
reflected back on the proximal 


[It becomes immediately 
side of the nerve root with which it blends and is carried 
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back to become continuous with the pia mater. Thus, at 
this point of reflection the arachnoid forms an angle, 
Which marks the limit of the subarachnoid space, at leasy 
as far as any space outside the cord is concerned. One cay 
demonstrate, therefore, that, histologically, the subarach 
noid space forms a closed cavity at this point and is not 
connected with any space in the nerve roots. 
injections 


Moreover, in spite of repeated in embryo 


pigs, (0 to 200 mm. C. R.), rather strong syringe-pres 
sure being used, in no instance could any extension of the 
India ink beyond the emergence of the spinal roots be 
found. The cervical lymph nodes were oecasionally col 
ored, but in no case did the spinal ganglia show any of 
the black ink on gross examination. 

The study, finally, of the dog’s cord which had been 
injected during life with India ink, bears out the same 
At no point could the ink be demonstrated 
The subarachnoid angles 


conclusion. 
outside the subarachnoid space. 
were outlined definitely with the black granules which no 
where penetrated the barrier of the arachnoid membrane 
(Fig. 8). 

The Spinal Arachnoid Granulations.—Not only did the 
arachnoid membrane form an angle around the emerging 
roots, but at this point the cells of the arachnoid became 
more numerous, and formed definite cell-columns in some 
instances or veritable cell-clusters in others. In the 
microscopic sections these areas were easily recognized 
even under the low power by their deep-staining reaction 
as compared to the surrounding tissue (Figs. 6 and 7). 
Then, too, the character of most of these cells was rather 
different from the mesothelial cells covering the arachnoid 
membrane. Thus, their nuclei wére more irregular, but 
more rounded, with well stained nuclear membrane but 
with little and pale-staining chromatin and one or two 
pale nucleoli, suggesting somewhat the vesicular character 
of epithelioid cells. The cytoplasm was indefinitely out- 
lined and pale-staining. A few cells, however, were small 
er with more densely and homogeneously staining nuclei 
resembling rather more ithe mesothelial cells of the arach- 
noid. 

Though rather closely spaced, the distribution of these 
cells followed no definite pattern. In every instance, how- 
ever, they blended with the contiguous dural prolongation, 
and in many instances actually invaded the fibrous sub 
stance of the dura. It can be seen, thus, how these cells 
would serve to close effectively the subdural space from 
connection with any space outside the cord. 

The significance of these cells becomes more apparent 
when one considers that they are, in many ways, quite 
analogous to the arachnoid granulations in the cerebrum. 
In a recent paper Weed "' has discussed the tendency of 
the arachnoid cells to proliferate at certain points, the 
adherence of these cells to the dura, their changes during 
senescence, their specialized property of permitting the 


passage of foreign solutions, and, finally, their possible 
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relation to the development of the so-called endothel- 
iomata of the dura. 

In the spinal cord, a quite comparable situation was 
found. These cells at the spinal subarachnoid angle ex- 
hibited the specialized property of permitting the passage 
through it of the foreign solution, while the remainder of 
the arachnoid membrane under the same circumstances 
remained impermeable. The size of these cell-clusters, 
moreover, varied in the different dogs, but since, unfor- 
tunately, no record of the approximate ages of these ani- 
mals was kept, the age-relationship could not be traced. 
The adherence of these cells to the dura has already been 
noted. Vinally, the relation of these cells to the occur 
rence in this region of spinal cord endotheliomata may, 
by analogy, be hypothesized. 

The Lscape of the the 
Spinal Avachnoid Angle.—Injections of suspended ma- 


terial such as India ink show the anatomical limits of 


Foreign Solution Through 


such a cavity as the subarachnoid space quite satisfac- 
torily, but since the arachnoid mesothelium is imperme- 
able to carbon particles, it is apparent that such injections 
cannot be used in tracing functional pathways of absorp- 
tion, unless, of course, we take into account the possible 
existence of definite metapores or stomata, lymphatic 
channels, or the transport of particles by phagocytic cells. 
To investigate, therefore, the existence of physiological 
pathways of absorption for the cerebrospinal fluid a true 
solution must be used, capable of subsequent recognition 
in the tissues. The use of the mixture of iron ammonium 
citrate and potassium ferrocyanide, isotonic with body 
fuids and warmed to body temperature, as described 
above, Was the method employed. The precipitation of 
these foreign salts in situ as granules of Prussian blue 
on fixation resulted in preparations showing the path that 
the introduced solution had followed. 

Microscopic study of these specimens revealed the blue 
precipitate everywhere within the subarachnoid space, 
but none of the blood vessels within the cord or in the 
pia mater showed any of the colored granules within its 
lumen. 

At the spinal subarachnoid angle, however, the solution, 
as evidenced by the blue precipitate, had penetrated into 
the cell-spaces of the arachnoid granulations, which, as 
had been pointed out, are adherent to and actually invade 
the dural prolongation at this point (Figs. 4 and 5). 
The granules were traced, thus, through the dura into the 
tissue surrounding the nerve roots outside the cord (Fig. 
4). Whether the reagents finally entered lymphatic chan- 
nels in this region could not be ascertained from the prep 
trations made, but in some instances the blue color could 
be traced into the lumina of the large veins, which are 
quite numerous in this region (Fig. 3). The blue gran- 
ules were never found inside the nerve fibers and were 
never observed in the so-called perineural space. 

The pathway of escape of the Prussian blue reagents 
from the subarachnoid space, as above outlined, could be 
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particularly well shown in the sections of the cord from 
aniyals in which the foreign solution had been introduced 
following the intravenous injection of hypertonic salt solu 
tion, which, as has been shown by Weed and MeKibben,”* 
causes apparently an increased outflow of fluid from the 
central nervous system (Figs. 3 and 9). 

If these observations indicate that cerebrospinal fluid is 
actually absorbed at this point, it must at the same time 
be admitted that this pathway accounts for a relatively 
small percentage of the total absorption, under normal 
conditions, at least. In all of the animals examined after 
fixation, most of the blue precipitate, in the gross, was 
observed to have ascended upward to the base of the brain 
and over the cerebral convexities. Only a small percent- 
age, relatively, had descended into the spinal subarach- 
noid space to be absorbed there. 


CONCLUSIONS 

1. The arachnoid membrane in the spinal cord forms an 
angle as it is crossed by the emerging segmental nerve 
roots. This reflection of the membrane isolates the spinal 
subarachnoid space from anatomical connection with any 
space outside the cord. Suspended material injected in 
traspinally does not escape from the closed subarachnoid 
cavity at this point. 

2. The space about the segmental nerve fasciculus, 
called the perineural space, was observed in all specimens 
prepared by the usual long dehydration methods. In one 
series dehydrated gradually in 24 hours this space was 
not apparent. 

3. The cells of the arachnoid membrane proliferate at 
the spinal subarachnoid angle to form cell-clusters which 
are quite analogous to the cell tuftings of the arachnoid 
granulations in the cerebrum. 

1. A foreign, non-toxic, isotonic solution, introduced 
into the subarachnoid space by the replacement of an 
equal quantity of cerebrospinal fluid, escaped from the 
cord through arachnoidal, mesothelial cell-nests and made 
its way into the veins outside the cord and possibly also 
into lymphatic channels in this region. 

5. The fluid 


connecting the subarachnoid cavity with the so-called 


existence of a pathway physiologically 
perineural space could not be demonstrated. 

This investigation was carried out with the most gener 
Dr. George B. 


ous help of Wislocki, for which sincere 


acknowledgment is made. 


KEY TO FIGURE REFERENCES 


ar arachnoid membrane 

ag arachnoidal cell clusters 
du dura mater 

nr nerve root 

pi pia mater 

pn perineural space 

sa subarachnoid space 

sd subdural space 

sc spinal coyd 

sn subarachnoid angle 
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DESCRIPTION OF FIGURES ON PLATE 1 

Fig. 4.—Photomicrograph of the subarachnoid angle in text 
fig. 2, showing the escape of the Prussian blue reagent, as 
indicated by the precipitated granules (shown in black), 
through the arachnoid cell-cluster into the substance of the 
dura. The perineural space shows none of these granules. 
(x 68.) 

Fig. 5 Photomicrograph of the region outlined in Fig. 4. 
(x 200.) 

Fig. 6.—Photomicrograph of a cross-section of the normal 
uninjected spinal cord of an adult dog, showing the relation- 
ship existing between the nerve root and the subarachnoid 
angle. Extending from the subarachnoid angle and adherent 
to the overlying dura is seen the spinal arachnoid granulation 
(ag). (x 68.) 

Fig. 7.—Photomicrograph of the region indicated in Fig. 6, 
showing in greater detail the character of the arachnoid cell- 
cluster. (x 300.) 

Fig. 8.—Photomicrograph of the blocked area in text fig. 1, 
showing the distribution of the injected India ink granules, 
localized to and outlining exactly the limits of the subarachnoid 


space. <A well-defined arachnoid cell-cluster is shown (ag). 
(x 65.) 
Fig. 9.—Photomicrograph of a cross-section of the nerve 


roots of an injected dog, close to their emergence from the 
spinal cord, showing a portion of the subarachnoid space (sa), 
containing numerous particles of the Prussian blue. The 
perineural space is well defined, but shows none of the precipi- 
tated granules, which, however, are quite abundant in the 


surrounding dural tissue. (x 57.) 
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STUDIES OF THE BLOOD CHEMISTRY IN ALLERGY 


By Rautru H. Masor 


(From the Department of Internal Medicine, University of Kansas 


School of Medicine, Kansas City, Kansas) 


The importance of allergy as the underlying cause of 
many pathological conditions is now universally recog- 
nized. The subject has evoked a literature of enormous 
proportions and it has been studied from a great variety 
of standpoints. The great majority of these studies, how 
ever, have confined themselves to the immunologic and 
bacteriologic aspects of this problem, while investigations 
along metabolic lines have not received an equal attention. 
Investigations of the chemical problems involved in al 
lergy may assist in unravelling its complex nature and 
in showing a common chemical basis for many somewhat 
diverse pathologic phenomena. 

In a previous contribution it was shown that there 
are marked disturbances in the nitrogen metabolism in 
allergy, with evidence of nitrogen destruction following 
anaphylactic shock. Hisanbu* noted increases in the 
amount of total non-protein nitrogen, urea and amino 
nitrogen in the blood of guinea-pigs following anaphylac 
tic shock. His method of investigation consisted in kill 


ing the animals that did not die in shock, pooling their 


blood and comparing the chemical findings with those of 


the pooled blood from normal guinea-pigs. 


Rackemann, Longeope and Peters * studied ten cases of 
serum disease, occurring mostly during convalescence 
from pneumonia and noted often a marked but transient 
Hirsch and Will 


iams * have deseribed a diminished alkalinity of the blood 


retention of chlorides and of water. 


of guinea-pigs during anaphylactie shock, the change in 
reaction being at times so great as to be incompatible 
with life. 

In my previous experiments it was found that rabbits, 
repeatedly injected with normal horse-serum, showed not 
only marked disturbances of nitrogen metabolism, but 
also lost weight rapidly, became very weak and soon died. 
Pentamelli® has described similar results following re 
peated intravenous injection of milk in rabbits. 

All of these strongly suggest marked disturbances of 
metabolism in allergy and indicate the desirability of 
further investigations in the field. 
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anand 

In our experiments rabbits were employed, and horse 
serum Was administered to produce the allergic state. 
The animals were placed on three different diets, as de- 
scribed later, and before any experimental injections were 
made, a series of control animals were followed carefully 
‘1 order to study variations in the blood and urine. Deter- 
minations of the blood non-protein nitrogen, urea, cre 
atinine, chlorides and carbon-dioxide were made at fre- 
quent intervals before and after the intravenous injection 
of horseserum. The urinary examinations included twen- 
‘y-four hour estimations of the non-protein nitrogen, cre- 


itinine and chloride output. 


METHODS 

The non-protein nitrogen and creatinine determinations 
in the blood were carried out by the method of Folin and 
Wu. The blood urea was estimated by the method of 
Van Slyke and Cullen’s modification of Marshall’s meth- 
od. blood chlorides were estimated on the tungstic acid 
‘filtrate after the technique suggested by Gettler, and the 
carbon-dioxide combining power of the plasma by the 
method of Van Slyke. 

The urine chlorides were determined by the Modified 
Volhard-Arnold method, the total non-protein nitrogen by 
the micro method of Folin, and the creatinine by the 
method of Folin. 

Diets 

Three different diets were employed. One series of ani- 
mals was given a full diet consisting of oats, corn, bread, 
alfalfa hay and fresh vegetable greens. A second series 
was fed only bread and oats, while a third series received 
oats, bread and 1.0 gm. of acid sodium phosphate in cap- 
sules per day. For the sake of convenience these diets 
ive called No. 1, No. 2 and No. 3. 


CONTROLS 
Fifteen animals on the three diets were observed over 
periods varying from two weeks to six weeks, with occa- 
sional blood examinations and daily urine studies. 
the blood 
protein nitrogen, urea or creatinine were noted, the deter- 


No essential differences from normal non- 


minations showing variations in the non-protein nitrogen 


from 19 to 37 mg. per 100 ¢.c., blood urea 11 to 20 mg. per 


l00 «.c., the blood creatinine from 1.6 mg. to 2 mg. per 
LOO G.e, 

No noteworthy differences were observed in the urinary 
non-protein nitrogen, chlorides or creatinine of animals 
on these three diets. The variations in the non-protein 
nitrogen excretion were from .07 gm. to 1 gm., the great 
uajority of the determinations showing from .2 gm. to 
‘gm. per day. Marked fluctuations in the chloride and 
creatinine output were noted. The excretion of chlorides 
varied from 0.04 gm. to 1.08 and the figures for creatinine 
excretion varied from 7 mg. to 206 mg. in twenty-four 


hours. The animals, when placed on oats and bread, and 





especially those receiving acid sodium phosphate, re 
sponded often with the production of an acid urine and 
in increased output of ammonia. This was not constant, 
however, and many animals continued to show an alkaline 
urine while on these diets. 

The animals on Diet No. 1 gained weight and thrived, 
while those on Diet No. 2 and Diet No. 3 did 
so well and lost weight steadily, although not markedly. 


not look 


These latter two diets were apparently deficiency diets. 


Tue Errects or INJECTIONS AT FREQUENT INTERVALS 


Six animals received injections of 5 ¢.c. of horse-serum 
three days per week over a period of two months, there 
being only an interval of two days between the first and 
second injection. These animals never showed any symp- 
toms of shock, they remained perfectly well during the 
experiment, frequent examinations of the blood showed 
normal values for non-protein nitrogen and urea, and the 
The blood 


fre- 


urine showed no abnormalities of excretion. 


creatinine values following the second injection 


quently were very high, varying from 3 mg. to 17 mg. per 
100 ¢.c. 
control animals. 


Such high figures were not encountered in the 
full 
The normal chem- 


Two of these animals were on a 
diet, two were on Diet 2 and on Diet 3. 
ical findings show a parallelism with the picture of per- 
fect health. 

aT LONGER INTERVALS 


Tue Errects or [NJECTIONS 


In this group of experiments the animals received a 
preliminary intravenous injection of 5 ¢.c. of horse-serum 
followed by a second injection in twelve or fourteen days 
and subsequent injections at intervals of eight to twelve 
days. Three animals received a full diet, three received 
only oats and bread, and six received oats, bread and acid 
sodium phosphate. 

The animals in this series showed marked symptoms 
following injections, two died in shock, all were ill, and 
all but two on Diets 2 and 3 lost weight rapidly, became 
weak and finally died from one to two days after the last 
Marked the 


chemistry were noted and also variations in urinary excre- 


injection. deviations from normal blood 


tion, although the latter were not so striking. 
Total The total 
nitrogen of the blood, which was determined just before 


Non-protein Nitrogen. non-protein 
the injection and on the following day, showed a sudden 
rise, and this elevation has a tendency to be more marked 
in animals on the Diets 2 and 3 as the number of injec 
tions increased. 

The animals on full diets frequently showed slight in- 
crease of non-protein mitrogen following injections, such 
changes, however, becoming less marked as the injections 
continued. 

The animals on Diets 2 and 5 showed much more marked 
on 


reactions. The readings before injections varied from 25 
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mg. to 38 mg. per 100 ¢.c., following injections values of 
70 mg., 84 mg., 96 mg., 120 mg. and other high figures were 
obtained. One animal showed 57 mg. following the second 
injection, 62 mg. following the third injection and 96 mg. 
following the fourth injection. Another animal had a 
blood non-protein nitrogen of 41 mg. following the second 
injection, 62 mg. following the third injection, 66 mg. fol 
lowing the fourth injection and 120 mg. after the fifth in 
jection, death occurring on this day (Chart I). The urine 


CHART I. 
Effects of Repeated Injections on the Blood Non-Protein 
Nitrogen and Urea 
May vune 
726293031 1 23 4 5 6 7 & 910111213 14 


| 
+t} _} iet—| 


++ — + + + —+ + ++} ++ 





——$4-—— § —_+-_—_ + _—_ + —_ +-_ —_ + —_ > 




























































































100 — [at ft T — oe | } 
7 + ae PEC Ea 
oU a T tI oe ee Lt _oee au — LY T 
ARCHER Rahm wwe iz 
| tt ff Ag | 
60 ——— + } + ee ee a 
| | | 
+—+— t —+ — 
mo, it |_| 
ge tf BRRe! i 
40 +o-— ~] re} 7 
{tty ® Aes we 
00 7 
— ee ee eee ae _ ee ee ee ee - 
20 bet} ft} ee eo bn 
-_ ose 











* Meg. per 100 c.e. 
Non-protein Nitrogen. 
@ Urea. 


frequently showed a diminution in the amount of non-pro 
tein nitrogen excretion during the first twenty-four hours 
after injection, followed by an increase during the next 
twenty-four hours. 

Urea.—The animals on full diets showed elevations fol 
lowing the first three or four injections and then, as a rule, 
subsequent weekly injections produced no such effect. The 
readings before injections varied from 7 mg. to 16 mg. and 
following injections values of 15 to 35 mg. were obtained. 

The animals on Diets 2 and 3 showed profound changes. 
The blood urea before injection varied from 12 to 20 mg. 
per 100 ¢.c., the average being 15 mg. On the day follow 
ing the second injection there was invariably an increase 
in the blood urea. This increase showed a tendency to 
mount after each subsequent injection and, in animals 


HOSPITAL 


BULLETIN 


[ No. 385 


which did not survive, values as high as 43 mg. and 6% 
mg. per 100 ¢.c. were encountered. One hour after injec 
tion the blood urea frequently fell to a figure lower thay 
that before injection but on the following day it rose much 
higher than the previous level. One animal, for example 
just before the second injection showed a blood urea of 2 
mg. Which fell to 22 mg. one hour after injection but pose 
the following day to 55 mg. per 100 e.e. 
Creatinine.—The blood creatinine showed no note 
On Diets 2 ay 


4+ it was increased in amount on the day after injection 


worthy changes in animals on full diets. 


Values of 6 mg., 5.9 mg. and 4 mg. were found. 

The urinary excretion of creatinine following the intra 
venous injections showed as a rule a marked increase 
The creatinine excretion, however, both in the contro] 
animals and in the treated animals during the periods be 
tween injections showed great variations, so that the 
results of the urine examinations were not so clear cut as 
those of the blood examinations. 

Carbon Diovide.—tThe carbon dioxide combining power 
of the blood plasma before and after injections of animals 
was studied. These determinations were made just before 
injection, one hour after injection and again on the fol 
lowing day. One hour after injection the carbon dioxide 
tension was generally lowered, but the following day it 
rose above the pre-injection level. This rise was ven 
striking in some of the animals which were on Diets 2 and 
3, one animal showing a rise from 12, before injection te 
37 the day following. The fall in carbon dioxide one how 
after injection was marked in some instances, declines 
from 28 to 8 and from 20 to 8 being observed. 

These changes in carbon dioxide tension were most 
striking in the animals on Diets 2 and 3, but were also 
observed in animals on Diet 1 (full diet). 

Hirsch and Williams have described marked lowering 
of alkalinity of the blood in guinea-pigs following anaphy 


lactic shock. Our findings are in general harmony with 


theirs, although the fall is apparently transient and isf 


followed by a marked rebound to a point above the orig 
inal level. 

Chlorides.—The blood chlorides showed little change it 
animals on Diet 1, while animals on Diets 2 and 5 showed 
a decided fall the day following injection. This change 
was very striking and quite as constant as the other 
marked chemical changes described. Such falls as from 
620 to 580 mg., 600 to 500 mg., 560 to 460 mg., were ob 
served. It is of interest to note that this fall in blood 
chlorides was accompanied by a rise in the carbon dioxide 
combining power of the serum, suggesting an intimate 
relationship between the two, indicating that perhaps the 
chlorides are concerning in increasing the alkalinity of 
the serum. Such a fall in blood chlorides was noted, a 
already mentioned, by Rackemann, Longcope and Peters 


in their studies of serum disease in man. 
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The studies of chloride excretion showed great varia- 
tions from day to day. An increased excretion, however, 
was not noted following injections, while a decrease was 
often observed and complete suppression was seen once. 

The urine on the day following injection frequently 
showed numerous hyaline casts and several animals on 
Diets 2 and 3 showed a marked hwmaturia persisting for 


from twenty four to forty eight hours. 


DISCUSSION 

Very marked differences in intensity of reaction char 
acterize the results obtained in animals who are injected 
ina uniform manner, but who are on different diets. The 
rise in the blood non-protein nitrogen, urea and carbon 
dioxide on the day following injection was present in all 
animals injected at intervals of seven to ten days, but 
these changes were more marked in those on Diets 2 and 
* (Table 1). Animals on Diet 1 (full diet), after a few 


TABLE I. 


Blood Chemistry in Animals Injected at 
7 to 10 Days. 


Intervals of 


2 ° 
° = A} 
T = - 2 =] re Remarks 
s ae - 3 3 = BS] 
a 2 6 z > S O o 
Before Inj 6/19]}42] 3/26.8| 9.8] 520! 15 Inj. No. 4 
24 hrs. later |6/20 84.4] 28 | 390) 29 Recovery 
Before Inj 6/6 |37| 2] 40 23 2.8] 10.6 Inj. No. 3 
24 hrs. later '6/7 | 66 |42.4/6.4| 122.6 Recovery 
Before Inj 5/17/13! 3] 37 te 18.7 Inj. No. 5 
24 hrs. later [5/18 | 120 |67.1/3.1 | Death 
Before Inj. 6/13/17] 2| 68 2.5/630 8 Inj. No. 3 
24 hrs. later |6/14 | 85 3.81570] 20 Recovery 


injections, recovered their equilibrium which was not 
further disturbed, while animals on Diets 2 and 3 showed 
as a rule more marked reactions with each injection and 
before death, which usually occurred, showed a high blood 
non-protein nitrogen, urea and creatinine. A very strik 
ing finding in this latter group was the fall of the blood 
chlorides, 

At the beginning of these experiments animals were 
fed on oats and bread and on oats bread and acid sodium 
phosphate with the purpose of attempting to affect the 
alkali reserve. There was no evidence that any such effect 
was constantly achieved, although such changes were 
seen from time to time. 
animals on these diets showed an acid urine. 
the effect of such diets on the carbon dioxide combining 


Approximately one-half of the 
Studies of 


power of the serum gave similar inconstant results. Pre- 
liminary examination of the blood serum of a group of ten 
normal untreated animals showed values ranging from 
23.5 to 36.2 volumes per cent (Table 2). Some of the 
animals on Diets 2 and 3 showed values at times as low 
as 7.3 and 5.3 in intervals following the second and third 
injections, although later the values were as high as in 
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TABLE II. 
Carbon-Dioxide Combining Power of the Blood Plasma 
of Normal Rabbits. 


In Volumes Per Cent In Volumes Per Cent 
No. 1 36.2 No. 6 26.8 
No. 2 27.2 No. 7 29.6 
No. 3 25.4 No. 8 30.5 
No. 4 34.3 No. 9 29.6 
No. 5 36.2 No. 10 23.5 


the normal controls, in spite of the fact that these animals 
were showing marked reactions and later died. Two of 
the animals showing the highest figures for non-protein 
nitrogen, urea and creatinine in the blood had an alkaline 
urine throughout. 

Diets 2 and 3 were deficient diets and it is highly prob- 
able that this deficiency played an important réle in the 
results obtained. 

The question of the réle of the kidneys in the produe 
tion of the significant changes in the blood chemistry is 
an interesting one. The animals after injection showed 
almost uniformly a high grade albuminuria with many 
casts and at times a marked hematuria. The urinary 
excretion of non-protein nitrogen was frequently markedly 
diminished the day following injection. During the per 
iods when the animals showed very high values for blood 
non-protein nitrogen and urea, the urinary excretion of 
non-protein nitrogen was much lower than the average. 
All of these facts point to renal insufficiency. On the 
other hand, the increase in urinary creatinine and the 
diminished chloride excretion, accompanied often by a 
lowering of the blood chlorides, could not be explained on 
the basis of renal insufficiency. This makes it highly 
probable that we are dealing in these changes with both a 
renal and an extra-renal factor as suggested by Racke- 
mann, Longcope and Peters in their studies on serum 
disease. 


SUMMARY 


The repeated injection of horse-serum into rabbits pro 
duces marked changes from the normal blood chemistry. 
These changes are more marked when the animal is on a 
deficiency diet. 

The blood non-protein nitrogen, urea and creatinine are 
increased in the after anaphylactic shock, the blood chlor 
ides are usually diminished. Urinary studies show there 
is usually a diminution in the nitrogen and chloride ex 
cretion and an increase in creatinine on the day follow- 
ing anaphylactic shock. 

There is evidence that these changes are due both to a 
renal and an extra-renal factor. 


‘ 
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NOTES ON 


A Guide to Urinary Diseases. By Adolphe Abrahams, O.B.E., 
M.D., M.R.C.P. and A. Clifford Morson, O.B.E., F.R.C.S. 
(New York, Longmans, Green & Co. London, Edward Arnold 
€ Co., 1921). 

This book is addressed mainly to the general practitioner and 
fourth year student. As outlined in the preface, its object pri- 
marily is to acquaint the reader with the symptoms of urinary 
diseases and thus assist him in identifying the various lesions. 

Pathology is very superficially considered and only the simpler 
therapeutic measures are dealt with. The book contains little 
or nothing of value which is not included in modern text-books on 
W.A. F. 


urology 


Clinical Diagnosis, By Charles Phillips Emerson, A.B.M.D. $7.50. 
(Phila. & Lond., J. B. Lippincott Company, 1921.) 

This is the 5th edition of Emerson's Clinical Diagnosis. The 
book is larger and fuller than its predecessors, and is markedly 
superior in many respects. All subjects in Clinical Diagnosis are 
taken up in considerable length, and with great completeness. Of 
the 709 pages in the work, 87 are devoted to the sputum, 250 
to the urine, 87 to gastro-intestinal contents and feces, 249 to the 
blood, 14 to the cerebrospinal fluid and 16 to the various other 
body fluids. The methods used are those that have stood repeated 
trials in the clinical laboratory of the Johns Hopkins Hospital 
and Indiana University Medical School. These are described with 
care and often at considerable length, so that those who have not 
had a thorough laboratory training may understand their value 
and significance. It is an excellent book for medical students, 
laboratory workers and practitioners of medicine. Dr. Emerson 
is to be congratulated for the thoroughness and completeness 
with which this 5th edition has been brought up to date and 


rendered available. J.G.H. 


Ophthalmoscopy, Retinoscopy, and Refraction. By W. A. Fisher, 
M.D. (Chicago, W. A. Fisher, 1922.) 

An elementary treatise on ophthalmoscopy, the examination of 
the eyes and refraction, intended for the general practitioner and 
medical students. In so far as the book may stimulate the prac- 
titioner to include an examination of the eyes in his general phys- 
ical examination, and call attention to refraction errors, this 
treatise may possibly be of some value. As a work on ophthal- 
mology and refraction, it is too elementary to supply the needs 
of medical students, unless supplemented by a real text-book on 
ophthalmology. Serious exception might be taken to the brief 


presentation of some of the subjects. A.C. W. 
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NEW BOOKS 


ERRATUM 


Attention is called to the fact that the plates in the 


January number of the Bulletin should have been num 





bered I, II, and IIT, instead of LXX, LXXI, LXXTI. @ 


The Treatment of Fractures. Charles Locke Scudder, MD 
(Phila, & London, W. B. Saunders Co., 1922.) $8.50. 


The ninth edition of “The Treatment of Fractures” by Seud# 
is unquestionably one of our best English books on this subject, 
The author has succeeded in producing a book which is sufie 
iently simple to serve as an excellent text-book for students gm 
yet one which is sufficiently full and up-to-date to be a valuaiip 
reference book for practitioners. One is impressed with th 
relatively large proportion of the text devoted to the treatment 
of fractures and the elimination of lengthy descriptions of their 
varieties and causes. If any single element of the book deserves 
particular praise, it is the illustrations. These alone make tie 
volume well worth possessing. 

On the whole the principles advocated by the author are { 
accepted ones. There are, however, a few points on which Gm 
might differ. For instance, fractures of the scaphoid bone 1 
considerably longer immobolization than three weeks. It 
be suggested also that the author’s periods of nae 
fractures about the elbow are on the average one week too Jom 
The statement that fractures of the neck or head of the radi 
are not common is not verified by all statistics. Furthermore, the 
treatment of this particular group of fractures certainly requires 
more than a single sentence. In places the arrangement of 
text is unsatisfactory. For example, the general discussion Mf 
the subject of non-union should not be treated as a subdivisitg 
of the progress of fractures about the elbow, but should consti 
tute a separate chapter. Similarly, the paragraph on the selectiim 
of apparatus or splints should not be interpolated in the chapter 
on fractures of the elbow but might form a separate chapter aml 
should be treated in much greater detail. The subject of ti 
treatment of compound fractures is too brief. A paragraph @ 
injuries to the coccyx might well be inserted in the chapter @ 





fractures of the pelvis. 
It is gratifying to note the stress which the writer places up 
massage and passive motion, but in no place in the text is 
fact emphasized that the treatment of every fracture is an 
vidual problem. Furthermore, a sharper distinction should 
drawn between a Colles’ and a Barton’s fracture, since the 
treatment does not hold for both. It is now generally admittel 
that better results are obtained from the use of plaster split 
than from the use of those made of board, and although the 
chapter on the use of plaster is good, the author does not empl h 
size throughout his work the advantages of this type of spl 
W. M. Fe 
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